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Abstract 
 
The Australian commercial insectary industry produces biological control agents 
(predator, parasitoid and nematode BCAs) to control pests. The use of commercial BCAs 
in Australia is being hindered by a range of factors but to date no study has been done on 
the Australian insectary industry. This study constitutes the first report about this 
industry.  
 
This study reviews the literature on insectary industries, integrated pest management 
(IPM), augmentative biological control (ABC) and the commercial biological control 
agents (commercial BCAs) and their adoption by the growers in the global context with 
special emphasis on Australia. A mixed method design was used to collect both 
qualitative and quantitative data. During 2011–2013 semi-structured interviews (27) were 
conducted to identify the perspectives of insectary owners (9), citrus pest management 
researchers (9) and citrus growers (9). A national survey of citrus growers (a case study) 
was also conducted. Following a Participatory Action Research (PAR) framework, 
research results were sent to the participants (who had been previously interviewed) to 
seek further input into the development of recommendations.  
 
The Australian insectary industry started with citrus pest management in the 1970s. Over 
40 years the industry has expanded from one company and one commercial BCA to five 
companies and 36 commercial BCAs in 2014. This expansion was largely in response to 
one pest (two spotted spider mite) developing resistance to multiple insecticides in 
Australia. After this initial (1991–2001) expansion the industry has stopped growing. 
Currently, two insectaries produce most of the commercial BCAs. Most of the companies 
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are poorly capitalised with estimated gross sales well below AUD$10 million for the 
2010–2011 financial year.    
 
It is clear that this industry faces many barriers. The size of the domestic market for 
commercial BCAs is very small and there is no export market. The industry is primarily 
horticulture based in Australia. Only a few organic growers use commercial BCAs. The 
cost of establishing a new insectary is very high. The cost of developing a new 
commercial BCA is also very high and by itself this industry does not have the resources 
to do this. Biosecurity is an issue for export and import of commercial BCAs. The 
industry is dependent on long distance transport. It and its clients are both based in rural 
areas and Australia is a very large country.  
 
The citrus pest management researchers believed that different factors such as climate, 
regional impacts, market destination, selective insecticides, insecticide resistance, 
effectiveness of the commercial BCAs, crop types, different cropping systems, 
developmental time between the pests and beneficial insects and growers’ attitude are all 
important factors that influenced growers to adopt commercial BCAs.  
 
Citrus growers’ interviews and survey results showed that economic factors have a major 
impact on the commercial BCAs’ adoption by citrus growers. Large farm owners were 
more likely to add commercial BCAs into their IPM program because they have more 
employees and often use a consultant and received better profit than small farm owners. 
Growers pointed out that adoption of commercial BCA is complicated, information 
intensive and needs a consultant. The complexity of the adoption of commercial BCAs is 
the main reason that deterred small farm owners. Growers ruled out insecticide resistance 
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and insecticide withdrawal as driving factors for the adoption of commercial BCAs. 
Growers did not receive any support from the government except information.   
 
The factors were identified by insectary owners, researchers and citrus growers that 
uncovered the fundamental barriers and drivers of this industry. They developed the joint 
construction of the critical components of the commercial BCA adoption system and the 
industry expansion.  
 
Patents (rearing methods and pest control techniques because free living organisms 
cannot be patented) are essential for expansion of the Australian insectary industry. In 
Australia, only nematode commercial BCAs are patent protected but the lack of patents 
for the remaining commercial BCAs makes this industry an unprotected business. The 
insectary owners keep their rearing methods secret and were cautious about training 
people, because of commercial confidentiality. Insectary owners believed that the 
patenting process is expensive and laborious and needs experience and time. This 
constrained commercialisation and integration of commercial BCAs into crop protection. 
The insectary owners need to change their attitude towards it, train up more people for 
technical support to growers and avoid direct competition. They can give or sell licenses 
to the secondary insectary companies. They need collaboration with other research 
organisations, within their own industry, and with different crop industries. Collaboration 
is also essential for the actual implementation of commercial BCAs. Survey results 
showed that small farm owners need technical support to incorporate commercial BCAs 
into their pest management program. This industry needs to develop technical support 
mobile phone apps  and insect identification and monitoring ‘flash cards’(flash cards are 
photographic and descriptive of the various life stages and monitoring tips). They can 
give technical support through Skype (or equivalent app) and could use a ‘model grower’ 
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as an advertisement. More species of commercial BCAs are necessary to manage all of 
the pests in a particular crop, for instance citrus crops. This industry needs to focus on 
organic farmers and encourage their uptake of commercial BCAs.  
 
The Australasian Biological Control Association Inc. needs to join with other related 
associations to form a lobby group to convince government to support this industry. Like 
many European countries a capital grant from the government is required to build a       
hi-tech production facility, research support and/or tax incentives to growers that use IPM 
and commercial BCAs. It will help the massive expansion of this industry and without 
this support this industry cannot be expanded as it is expected. A wider education about 
IPM is required. Like the IFP (Integrated Fruit Production) logo in many European 
countries, the introduction of an IPM logo for fresh produce to promote fresh produces 
grown using IPM is needed. This will encourage consumers to ask supermarkets for 
products displaying appropriate labels or logo as well as inspire consumers to know more 
about IPM. This industry can establish or contact local fruit and vegetables shops to sell 
IPM produce and encourage them to play a video that will show fruit and vegetables 
grown using IPM. The insectary companies need to establish or contact retail agents in 
every state or cropping area to facilitate growers to gain easy access to the source of 
commercial BCAs. Pest management consultants and extension officers require some 
education about IPM or commercial BCAs because they are the agents of change for the 
growers’ attitude.  
 
The Australian insectary owners, policy makers, IPM researchers and practitioners need 
to take these recommendations into consideration to expand this industry. Several areas 
such as promotion of commercial BCAs, selective insecticide use in IPM, commercial 
BCA use in the organic cropping system, entomology skill shortage and protectiveness 
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warrant further research to better understand the adoption of commercial BCAs. Further 
research on growers and consumer attitudes will help to implement commercial BCAs 
and enhance the expansion of the Australian commercial insectary industry. 
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Chapter 1: Introduction 
 
 
This study investigates the Australian commercial insectary industry which produces 
biological control agents for augmentative biological control. Augmentative biological 
control involves one to several releases of commercial biological control agents 
(commercial BCAs) to suppress a pest during the course of a season or a crop’s 
production cycle (Luck and Forster, 2003). Augmentative biological control is one of the 
strategies used in Integrated Pest Management (IPM). Integrated pest management is a 
recognised pest management approach which combines and integrates different strategies 
of pest control (Maredia, 2003). Both open field and greenhouse crops are treated with 
commercial BCAs around the world.  
 
1.1 Commercial insectaries  
 
The first use of augmentative biological control agents started sometime between 1913 
and 1917 with citrus pests in Southern California (Dietrick, 1981). The development of 
insectaries started with citrus pest management in Southern California where many 
insectaries were organised by the regional government (Luck and Forster, 2003). Everett 
J. Dietrick was the pioneer of the commercial insectary industry and started the first 
insectary in his garage in Riverside, California, in 1950 (Dietrick, 1981). In the 1950s, the 
introduction of synthetic pesticides into the pest management system caused the 
government organised insectaries to be closed. Only the private and grower-owned 
insectaries remained operational (Graebner et al., 1984). Historically, the United 
Kingdom was the first country where augmentative biological control agents were seen as 
a great success in the 1920s where Encarsia formosa Gahan (Hymenoptera: Aphelinidae) 
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was used to control greenhouse pest whitefly, Trialeurodes vaporariorum (Westwood) 
(Hemiptera: Aleyrodidae) (van Roermund et al., 1997).  
 
In Australia, a few citrus growers at Merbein, in Victoria in the Sunraysia district, started 
to use augmentative biological control agents in 1944. Biological Services Inc., 
Australia’s first commercial insectary, started in 1971 providing commercial BCAs for 
pest management in citrus crops at Loxton in South Australia (Furness et al., 1983).  
 
1.2 Current status of commercial insectaries 
 
There were an estimated 530 commercial insectary companies producing about 170 
biological control agents around the world. There were about 30 larger (more than 10 
people employed) and 500 smaller (2–10 people employed) companies (van Lenteren, 
2012). Most of the commercial insectary companies primarily rear predators (eg, 
predatory beetles, mites etc.) and parasitoids (eg, parasitoid wasps, flies etc.). Only a few 
companies produce entomopathogenic nematodes. The predators, parasitoids and 
nematodes together are called macro-biological control agents. Micro-biological control 
agents (fungi, viruses, protozoa and bacteria) are produced mainly by chemical 
companies. This study discusses only macro-biological control agents not micro-
biological control agents. 
 
Worldwide, there is evidence that the commercial BCAs’ market is increasing especially 
in Europe and USA because of greenhouse expansion and rules and regulations increasing 
consumers’ awareness about food safety etc. It has been reported that in 1995 it was 
worth US$40 million and by 2003 it was worth US$190 million for global commercial 
BCAs (Office of Technology Assessment, 1995; Guillon, 2004). In North America, 
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surveys (2004–2006) estimated gross annual value of US$25–30 million at the wholesale 
level (Warner and Getz, 2008). European commercial BCAs’ market value became more 
than US$30 million by 1997 (Hajek, 2004). Pilkington et al. (2010) reported that the 
commercial BCAs’ market is increasing, especially in Spain where it reached 30 million 
Euros (about US$41 million). Currently this value might be higher than the author 
understands but there is no up- to-date report available.  
 
The commercial BCAs are apparently becoming more widely accepted by growers. Many 
researchers claim that the growing number of commercial BCAs and suppliers of 
commercial BCAs indicate that the practice of augmentative biological control is 
expanding (Parrella et al., 1992; van Lenteren, 2003a; Cock et al., 2010; Pilkington et al., 
2010). For example, the increased demand from exporters for commercial BCAs in South 
Africa and Kenya has resulted in the establishment of new companies, BCP Ltd and 
Dudutech and in Cuba the government helped to establish local insectaries (Cherry and 
Gwynn, 2007). There are several reasons given for this expansion, such as the 
development of insect resistance to pesticides, increased consumer awareness about the 
impact of pesticides on the environment and human health, to fulfil export market 
regulation and finally the changes in funding policy towards pesticide use (Cherry and 
Gwynn, 2007). 
 
While many researchers claim that the biologically based pest control market has 
expanded rapidly (Office of Technology Assessment, 1995; Guillon, 2004; Cock et al., 
2010), the industry has critics. Some argue that commercial BCAs are less effective than 
chemical control, are effective against only a small group of pest species, have certain 
ecological limitations, and are more expensive than pesticides. They claim that it is for 
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these reasons that augmentative biological control has not fulfilled its potential (Collier 
and Steenwyk, 2004; Yano, 2004). 
 
Integration (harmonisation) of technical, scientific, agricultural, economic and social 
factors is required to make commercial BCAs successful (van Lenteren and Bueno, 2003; 
Warner and Getz, 2008). Moreover, the extent of growers’ uptake of commercial BCAs is 
largely influenced by the strengths and weaknesses of the commercial insectary 
companies (Warner and Getz, 2008). Therefore, in analysing the sustainability of 
augmentative biological control as a pest management strategy it is essential to 
investigate the commercial insectary industry. 
 
1.3 The problem in Australia 
 
In Australia, the first commercial insectary started in the 1970s, and after four decades 
seven commercial insectaries produce 31 species of biological control agents including 
insects, mites and entomopathogenic nematodes (van Lenteren, 2012). Some new 
commercial BCAs are under development (www.goodbugs.org.au). The Australian and 
the New Zealander commercial insectary owners established the Australasian Biological 
Control Association Inc. in 1992. It promotes collaboration between producers and the 
sharing of knowledge and experience gained from rearing these organisms and using 
them for pest control. It developed a website which has links with each insectary 
company (Llewellyn et al., 2002). 
 
Seven insectary companies were commercially operating in 2011 but the number has been 
reduced further and only five companies are commercially operating in 2014 
(www.goodbugs.org.au). In terms of the first insectary establishment, the Australian 
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insectary industry (1971) is far behind the European industry that was founded in 1968. 
Currently, approximately 30 large insectary companies commercially produce biological 
control agents worldwide and two third of them located in the Europe (Tracy, 2014). The 
European insectary industry exports commercial BCAs worldwide whereas the Australian 
industry is entirely domestic market based. Perhaps this is one of the reasons for this 
industry expansion. In terms of agricultural land uses the Australian commercial insectary 
industry is not expanding to the same extent as in other countries such as Europe. 
Compared with the agricultural land use in Europe (4748363 km2 in 2007) is not much 
larger than Australia (4254490 km2 in 2007) (www.en.worldstat.info/Europe/Land; ABS, 
2012). What are the barriers and how have they affected the expansion of the commercial 
insectary industry in Australia? To understand this complex situation the Australian 
insectary industry needs to be viewed in the broader context of horticultural crop 
protection, including from the perspective of the insectary industry, the researchers and 
the current and potential clients of that industry involved. The different factors which 
affect the expansion of the Australian commercial insectary industry must be identified 
but to date no study has been done on the Australian industry. In the USA, Cranshaw et 
al. (1996) reviewed the 1994 pricing and marketing by biological control suppliers and 
van Lenteren et al. (1997) did the same for Europe. There is no such review or 
information about pricing for commercial BCAs available for Australian producers. 
Further, in Australia, no information is available for the total annual sales of commercial 
BCAs. 
 
It is clear that there are barriers that are preventing the expansion of the Australian 
insectary industry and it may be assumed that the Australian commercial insectary 
industry is still in its infancy compared with the European and American insectary 
industries.   
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1.4 Research aim 
 
The overall research aim is to conduct a comprehensive study of the Australian 
commercial insectary industry and its implications for augmentative biological control.  
 
 The specific Objectives of this Research were: 
 
1. To identify the factors which may hinder the Australian commercial insectary 
industry’s growth or be necessary for its expansion from the perspectives of the 
insectary owners? 
 
2. To identify the key barriers to augmentative biological control (commercial 
BCAs) and the different factors that influence these barriers from the perspective 
of the researchers involved. 
 
3. To examine the viability of the commercial insectary industry in Australia with 
particular reference to its use in the citrus industry and identify citrus growers’ 
attitude towards the use of commercial BCAs. 
 
4. To integrate Objectives 1–3 to determine the economic, social and political factors 
that impact on the Australian commercial insectary industry and identify 
opportunities for this industry and public policy to create the environment to assist 
the industry.  
 
 
Augmentative biological control or use of commercial BCAs in Australia is being 
hindered by a range of factors and as a consequence the Australian commercial insectary 
industry is not expanding. These factors can be identified by industry participants 
(insectary owners), researchers (who are doing research on citrus pest management) and 
citrus growers.  
 
Interviews with insectary owners explored their experience, belief, their perception about 
the Australian commercial insectary industry and its lack of expansion. This addressed 
the specific Objective 1. The citrus pest management researchers’ perception about the 
adoption of commercial BCAs by growers addressed the Objective 2. This research is 
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focused on citrus because this was the first crop where commercial BCAs were used 
commercially to control pest insects in Australia. The citrus growers’ survey will identify 
the role of growers in the adoption of commercial BCAs which is largely influenced by 
the growers’ attitudes. Several factors (participants’ information or demographics, 
economic, farm practices, growers’ perceptions, technological and institutional factors) 
may impact upon the decision process for adoption. This addressed the Objective 3. 
Objective 4 is the integration of Objectives 1–3 so this addressed the overall aim of this 
research. 
 
The results will assist in the development of recommendations for the Australian 
commercial insectary industry as well as augmentative biological control 
researchers/practitioners to increase adoption of commercial BCAs in Australia. 
Involving the industry owners, citrus pest management researchers and citrus growers in 
the survey process will increase the utility of study recommendations. 
 
1.5 Structure of the thesis  
 
The thesis structure is below- 
 
Chapter 2 is a literature review which provides a brief description of integrated pest 
management (IPM), biological control, and augmentative biological control. This chapter 
also describes the commercial BCAs and their implementation in the global context with 
special emphasis on Australia. It provides the historical description of the commercial 
insectary industry in the global context that outlines the Australian commercial insectary 
industry’s current situation and reveals the Australian insectary is not expanding to the 
same extent as in other countries.  
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Chapter 3 addresses the research design, theoretical framework and social research 
methodologies that have been applied in this research. The rationales for using 
ethnographic participatory action research framework and mixed methods data collection 
approaches are explained. The chapter provides the sampling methods and how the semi-
structured in-depth interviews were conducted with the Australian insectary owners, 
citrus pest management researchers and citrus growers. It explains how national surveys 
were conducted with citrus growers as well as data analysis strategies for both interviews 
and survey. It also explains researchers’ biases and steps that have been taken to 
overcome biases and ensure research validity.   
 
Chapter 4 reports the results of research pertaining to the specific Objective 1 on the 
barriers which may hinder the insectary industry’s growth or be necessary for its 
expansion. Insectary owners are the key informants of this industry and this chapter 
explored their in-depth perspective which uncovered the fundamental barriers in 
production, marketing and distribution of commercial BCAs in Australia. This chapter 
also explores the factors that may be necessary for the expansion of this industry.   
 
Chapter 5 outlines the finding from the researchers’ interviews which describes how 
researchers perceived the adoption of commercial BCAs by growers and its implication 
for the augmentative biological control. This addresses the specific Objective 2. The 
chapter also reports the researchers’ viewpoint about factors that are hindering or may be 
necessary for the expansion of the Australian commercial insectary industry and the 
implementation of commercial BCAs in Australia.  
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Chapter 6 provides the findings from the Australian citrus growers’ interviews and the 
national survey of citrus growers. It specifically relates to the Australian growers’ 
attitudes towards the use of commercial BCAs. This addresses the specific Objective 3. 
The chapter explores the in-depth perspective of the citrus growers’ role in the adoption 
of the commercial BCAs through interviews and the national quantitative survey. The 
chapter explores how different factors influence citrus growers’ attitudes towards the use 
of commercial BCAs in their pest management systems.  
 
Chapter 7 provides the general discussion. The chapter describes the key findings from 
the specific Objectives 1–3 (Chapters 4–6). The chapter also provides discussion about 
emerging issues and contribution to knowledge as well as future research direction in this 
area. A summary results report was prepared from this analysis for the interviewees, the 
Australian insectary owners, citrus pest management researchers and citrus growers.  
 
Chapter 8 provides the feedback from the interviewees. The chapter addresses the 
Objective 4 and describes how feedback was collected from the interviewees and then 
analysed. The chapter identifies the critical interventions needed for expansion of the 
Australian insectary industry. Finally, the chapter provides recommendations and the 
overall conclusions of the thesis. 
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 Chapter 2: Literature review 
 
Augmentative biological control (ABC) is an approach to the introduction of natural 
enemies into an agro-ecosystem which is one of the components of an Integrated Pest 
Management (IPM) strategy. Without discussing IPM and biological control first, ABC 
becomes meaningless because ABC is not a stand-alone approach. 
 
2.1 Integrated pest management 
 
In 1972 Integrated Pest Management, and its acronym IPM, was incorporated for the first 
time in English literature and widely accepted by the scientific community. The idea of 
integrated control first appeared in a paper by Hoskins et al., (1939) (Smith, 1974).  Many 
authors cited that integrated control was well established towards the end of 1960s (Smith 
R.F. and Huffaker, 1973; Smith, 1974). In 1961 Australian ecologists first proposed a 
concept of “Pest Management” that became well recognised in the USA (Geier and Clark, 
1961). Finally the union of the two concepts (integrated control and pest management) 
produced “Integrated Pest Management” (IPM) (Bajwa and Kogan, 2002). It took over 
ten years to develop a scientific basis for IPM since integrated control was first defined 
(Stern et al., 1959). Fitt and Wilson (2012) reported that it took over 50 years to develop a 
framework (a basic structure underlying a concept of IPM) for today’s IPM.  
 
Today IPM is the established model for crop protection worldwide from both an 
economic and environmental point of view. Many national, regional and international 
programs contribute to a favourable environment for IPM. In the mid-1990s the global 
IPM facility was established with the co-sponsorship of the Food and Agriculture 
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Organization (FAO), the UN Development Programme (UNDP) and the World Bank. 
Worldwide coordinating, consulting, advising and promoting of IPM are the 
responsibility of the global IPM facility (Maredia, 2003). Many countries established IPM 
centres for coordinating IPM activities but their strategies are different in various 
countries. For example, in the USA, United States Department of Agriculture (USDA) 
has a national IPM network. Similarly, India has a National Centre for IPM (NCIPM) in 
New Delhi (www.ncipm.org.in/).  
 
Australia has been actively involved in biological control of pests and weeds since the 
early 1900s (Wilson, 1960) and various tactics compatible with IPM had been employed 
in north-eastern Australia (and elsewhere) (Williams and Il’ichev, 2003). Several centres 
were established in Australia during the 1990s for coordinating IPM activities. For 
example, The Centre for Tropical Pest Management (CTPM) (1994–1998) was a joint 
venture that involved departments of agriculture and universities working together on the 
national IPM program in Australia.  With the demise of the CTPM in 1998 the University 
of Queensland established the Centre for Biological Information Technology (CBIT) to 
develop high quality, innovative software products to inform, educate and train students, 
practitioners and others involved in agricultural and natural resource management, 
particularly pest management (Maredia, 2003; Maredia et al., 2003). Currently 
departments of agriculture, universities, and crop industries are working on IPM 
programs. Some private organisations provide IPM services to the growers such as IPM 
Technologies Pty. Ltd. (www.ipmtechnologies.com.au). A few insectary companies 
provide a crop monitoring service to help growers with IPM (www.goodbugs.org.au).   
 
Integrated pest management was established on classical biological control (introduction 
of biological control agents for permanent establishment and long term pest control) for 
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imported pests as well as augmentative biological control when needed. Integrated pest 
management in the Queensland citrus industry began in 1973 and approximately 75% of 
growers had adopted this program by 1991-1992 (Smith and Papacek, 1993). Williams 
and Il'ichev, (2003) reported that integrated pest management in Australia is most 
advanced in the pome and stone fruits, cotton, wine grapes and citrus industries. The 
pome fruit industries played an important role in the  establishment of  national guidelines 
for integrated fruit production as well as facilitation of the implementation of IPM 
(Williams, 2000). Similarly, in the cotton industry, growers, consultants, researchers and  
extension officers of the Cotton Research and Development Corporation (CRDC) and  the 
former Australian Cotton Cooperative Research Centre together developed IPM 
guidelines for cotton (Williams and Il'ichev, 2003).  
 
2.1.1 Definitions of IPM 
  
Definition of IPM is important for a particular situation mainly for its implementation 
(Bajwa and Kogan, 2003).  A survey recorded 67 definitions between 1959 (definition of 
integrated control) and 2000 (Bajwa and Kogan, 2002). For a long time reconciling 
multiple definitions has been tried as the definitions evolved. Kogan (1998) proposed the 
following concept that:  
 
“Integrated pest management is a decision support system for the selection and use 
of pest control tactics, singly or harmoniously coordinated into a management 
strategy, based on cost/benefit analyses that take into account the interests of, and 
impacts on producers, society and the environment”.  
 
According to this concept IPM is a multi-disciplinary approach to pest management 
(Maredia et al., 2003). Integrated pest management is a knowledge-intensive, farmer-
based approach that encourages natural control of pest populations (Indonesian IPM 
13 
 
Secretariat, 1997). Integrated pest management (IPM) has been referred to as a crop 
protection/pest management system with implications for both methodological and 
disciplinary integration in a socioeconomic context of farming systems (Bajwa and 
Kogan, 2002). In other words, IPM is an interactive system with multiple levels of 
combination (Kogan, 1998) and has a sound ecological basis that links agriculture with 
the environment, biodiversity, human health and sustainability (Maredia, 2003). 
Integrated pest management serves as a practical model for ecological theory as well as 
development for other agricultural system components. Species/populations, communities 
and ecosystems are the three basic ecological scales which serve as the model for IPM 
integration (Kogan, 1998).  
 
Fitt and Wilson (2012) described the 2002 definition of IPM by the FAO as:  
 
“The careful consideration of all available pest control techniques and subsequent 
integration of appropriate measures that discourage the development of pest 
populations and keep pesticides and other interventions to level that are 
economically justified and reduce or minimise risks to human health and the 
environment”. 
 
Two different types of IPM, strategic IPM and tactical IPM can be described (Morse and 
Buhler, 1997; Cumming and Spiesman, 2006). According to Barfield and Swisher (1994) 
strategic IPM is founded on a general understanding of the entire agroecosystem and 
should thus integrate strongly with conservation efforts and tactical IPM is more limited, 
representing primarily a responsible use of pesticides.  It is considered that both strategic 
and tactical approaches are important to applied IPM (Fitt and Wilson, 2012). 
 
2.1.2 Types of control (strategies) used in IPM 
 
Integrated pest management (IPM) utilises all suitable pest control techniques. Maredia 
(2003) stated that IPM combines and integrates different strategies such as, biological 
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control, behavioural control, biopesticides, botanical pesticides, chemical pesticides, 
cultural control, host plant resistance, mechanical control and transgenic plants; and 
quarantine and regulations. In addition, IPM includes pest prevention techniques, pest 
monitoring methods, biological control, pest resistant plant varieties, pest attractants and 
repellents, biopesticides, and synthetic organic pesticides (Tette, 1997). It also uses 
weather data as well as cultural practices such as rotation, mulching, raised planting beds, 
narrow plant rows and inter-seeding. The University of California, State-Wide Integrated 
Pest Management Project, in 1997, described IPM as a combination of techniques such as 
biological control, habitat manipulation, modification of cultural practices and use of 
resistant varieties. A more recent description of IPM integrated three types of control 
options namely biological, cultural and chemical control (Horne and Page, 2008). They 
concluded that chemical control should be used as a supportive mechanism and never 
used as a primary tool.  
 
The focus of IPM on non-pesticidal techniques such as cultural control, introduction of 
resistant plants and biological control began in the 1980s and proposed a switch to 
biologically intensive or biointensive IPM. This relied on host-plant resistance, cultural 
controls, biological controls and biorational pesticides that are easily integrated with 
biointensive IPM systems (Frisbie and Smith, 1991; Uhm, 2002). Recently, the 
interaction between biological control and other forms of pest management such as 
induced plant defences, novel non-toxic plant protection compounds and sterile insect 
technique have been reviewed. The ways in which biological control can be integrated 
with the aforementioned forms of non-pesticidal pest management have been explored 
(Gurr and Kvedaras, 2010).   
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2.2 Biological control 
 
Biological control of arthropod pests has a long history. Gurr et al. (2000) described 
practices in a Pre-Scientific Era, and proposed a chronological framework; Pre-Scientific 
Era (before-1880), Classical Era (1880–1939), Chemical Era (1939–1962) and Integrated 
Era (1962–present) to describe the overall development of biological control. Once 
humans began to practice agriculture the use of natural enemies to control pests was 
recognised, dating back to ancient times. In ancient China, citrus growers would place 
colonies of predaceous ants Oecophylla smaragdina (Dru) (Hymenoptera: Formicidae) in 
citrus trees to control caterpillars and large boring beetles (Williamson, 1998; Hajek, 
2004). In the early 1800s, American naturalists and entomologists used predators such as 
syrphid flies (Diptera: Syrphidae) and coccinellid beetles (Coleoptera: Coccinellidae) to 
control aphids in greenhouses and outdoor crops (Van Driesche and Bellows, 1996). Gurr 
et al. (2000) noted that the term “Biological Control” was coined by H. S. Smith in 1919 
during the classical era (1880–1939). In relation to plant pathogens the term “Biological 
Control” was first introduced by C. F. von Tubeuf in 1914 and then applied to arthropod 
pest control by H. S. Smith in 1919 (Baker, 1987). Furthermore, the importation of the 
predatory Vedalia beetle Rodolia cardinalis (Mulsant) (Coleoptera: Coccinellidae) was 
used in the classical era to control cottony-cushion scale (Icerya purchasi Maskell) 
(Hemiptera: Monophlebidae) in Californian citrus (Doutt, 1964). The first commercial 
production of Encarsia formosa Gahan (Hymenoptera: Aphelinidae) began in Britain and 
elsewhere for greenhouse control of whitefly during the classical era (van Lenteren, 1995; 
Gurr et al., 2000). According to Gurr et al. (2000) commercial production of E. formosa 
ceased due to the availability of effective pesticides.  
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The entomopathogenic bacterium Bacillus thuringiensis (Berliner) (Bt) was first 
commercialised and extensively produced in the USA, some European countries and the 
former USSR during the chemical era (1939–1962) (van Frankenhuyzen, 1993). Progress 
was made in some areas of biological control but the total number of classical biological 
control introductions dramatically declined during this era (Greathead and Greathead, 
1992).  
 
In general, biological control had little support until the start of the integrated era (1962–
present) (Gurr et al., 2000). During the beginning of the integrated era, the definition of 
integrated pest control was published by the United Nations (FAO, 1967) and pesticide 
dependency began to reduce. The use of classical, augmentative and conservation 
approaches to biological control began to increase (Gurr et al., 2000). In more recent 
years, biological control has developed into a large and diverse field but the traditional 
strategies remain the fundamental tools. Biological control uses living biological control 
agents for the control of pests which is based on a basic knowledge of the interactions of 
living organisms and provides a sound ecological basis for pest management (Daane et 
al., 2007). The brief history of the development of biological control indicates that 
biological control is now beginning a new era after the dominance of chemical control 
(Wratten and Gurr, 2000). 
 
2.2.1 Definition of biological control 
 
Biological control has been defined many times and in many ways. The term “Biological 
Control” was first used by H. S. Smith in 1919 who believed that insect pests could be 
controlled by the use of natural enemies such as pathogens, parasitoids and predators 
(DeBach, 1974).  
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Later DeBach (1964) defined biological control as:  
 
“The action of parasites, predators or pathogens maintains another organism’s    
population density at a lower average than would occur in their absence”.  
 
This definition (DeBach, 1964) measured biological control both as an applied and 
ecological point of view as well as specifying biological control agents used to regulate 
the pest population in density-dependent relationships (Garcia et al., 1988). In addition, 
this definition excludes ambiguous definitions or what other scientists might call 
biological control.  
 
Biological control is also defined as the effect of fixed actions by man, or may result from 
the unassisted action of natural forces that may be employed either for control of crop or 
forest pests, or for re-establishment of natural systems affected by non-native pests (Van 
Driesche and Bellows, 1996). They defined biological control as:  
 
“A population level process in which one species population lowers the numbers 
of another species by mechanisms such as predation, parasitism, pathogenicity or 
competition”(Van Driesche and Bellows, 1996).  
 
The widely accepted definition of biological control is:  
 
“The use of living organisms to suppress the population of a specific pest 
organism, making it less abundant or less damaging than it would otherwise 
be” (Eilenberg et al., 2001). 
 
2.2.2 Biological control in Australia 
 
Biological control has a long history in Australia. In the early 1900s the Department of 
Natural Resources and Environment in Victoria released a parasitoid wasp Aphelinus mali 
(Haldeman) (Hymenoptera: Aphelinidae) to control woolly aphid and this wasp is still 
active today (Williams and Il'ichev, 2003). The first biological control project began in 
18 
 
1912 on cactus (Julien et al., 2007). In 1932 the control of the exotic weed, prickly pear 
(Opuntia spp), by Cactoblastis cactorum (Berg) (Lepidoptera: Pyralidae) was a widely 
recognised success story in Australia (Gurr et al., 2000).   
 
Approximately 150 species of biological control agents have been introduced into 
Australia with the aim of classical biological control of arthropod pests (Waterhouse and 
Sands, 2001). Some introductions were not completely successful. The control of green 
vegetable bug Nezara viridula (L.) (Hemiptera: Pentatomidae), which is a pest of many 
horticultural and field crops in Australia and was attempted by the introduction of the egg 
parasitoid Trissolcus basalis (Wollaston) (Hymenoptera: Scelionidae). In southeast 
Queensland N. viridula remains a significant pest despite sometimes-high parasitism rates 
by T. basalis. In NSW and Queensland, N. viridula remains a major pest of soybeans and 
other pulses (Knight and Gurr, 2007).  
 
Conservation biological control is the action that preserves or protects natural enemies 
(Ehler, 1998). In fact two types of strategies are involved in this control, conservation of 
natural enemies and enhancement of natural enemies. Many researchers noted that the 
Australian cotton industry is now encouraging the conservation and rehabilitation of 
natural areas and native vegetation which act as providers of multiple ecosystems services 
such as providing the non-crop resources required by biological control agents (Perovic et 
al., 2010). 
  
2.2.3 Types of approach in biological control 
 
Different researchers divided biological control in different ways. Biological control has 
three major approaches namely, importation or introduction, augmentation, and 
conservation (Landis and Orr, 1996; Van Driesche and Bellows, 1996). Augmentative 
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biological control is then subdivided into inoculative and inundative methods (Landis and 
Orr, 1996; Van Driesche and Bellows, 1996; van Lenteren, 2000b). Biological control 
strategies can be grouped into four major approaches namely classical biological control, 
inoculative biological control, inundative biological control and conservation biological 
control (Hajek, 2004; Eilenberg, 2006).  
 
They can be defined as: 
 
1. Classical Biological Control: The intentional introduction of an exotic, usually co-
evolved, biological control agent for permanent establishment and long-term pest 
control (Eilenberg et al., 2001). 
 
2. Inoculative Biological Control: The intentional release of a living organism as a 
biological control agent with the expectation that it will multiply and control the pest 
for an extended period, but not permanently (Eilenberg et al., 2001). 
 
3. Inundative Biological Control: The use of a living organisms to control the pests 
when control is achieved exclusively by the released organisms themselves (Eilenberg 
et al., 2001). 
 
4. Conservation Biological Control: Modification of the environment or existing 
practices to protect and enhance specific enemies or other organisms to reduce the 
effect of pests (Eilenberg et al., 2001).  
 
Inoculative and inundative biological controls have different goals but both also have 
some common features. They both augment the population of biological control agents 
and it is difficult to know what the effect on targets are from released biological control 
agents or from their progeny (Eilenberg, 2006). Therefore, inoculative and inundative 
biological control are usually treated together as “Augmentative Biological Control” 
(Hajek, 2004).  
 
2.3 Augmentative biological control 
 
Augmentative biological control involves one to several releases of biological control 
agents to suppress a pest during the course of a season or a crop’s production cycle (Luck 
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and Forster, 2003). The first augmentative biological control began sometime between 
1913 and 1917 with the use of Cryptolaemus montrouzieri Mulsant (Coleoptera: 
Coccinellidae) to control citrophilous mealybug, Pseudococcus calceolariae Fernald, 
(Hemiptera: Pseudococcidae), a pest of citrus in Southern California. After this success 
Trichogramma (Hymenoptera: Trichogrammatidae) species began to be used as 
augmentative biological control agents in the late 1920s, when S.E. Flanders developed a 
mass production system for these biological control agents (Luck and Forster, 2003). The 
potential of augmentative biological control has been well recognised for many years 
(DeBach, 1964; Ridgway and Vinson, 1977; King et al., 1985).   
 
Augmentative releases of biological control agents can be divided into two types: 
inundative and seasonal inoculative methods, although they are sometimes hard to 
distinguish. The sugarcane borer, Diatraea saccharalis (F.)  (Lepidoptera: Crambidae) is 
controlled by the inundative release of Cotesia flavipes (Cameron) (Hymenoptera: 
Braconidae) in several countries of Latin America. The release of T. basalis  against N. 
viridula in Brazil and the control of pests in greenhouses involve the periodic release of 
several biological control agents in Colombia (van Lenteren and Bueno, 2003). It has not 
been so successful in Australia especially in field crops. 
 
Augmentative biological control is applied both in greenhouse and in open field crops. In 
greenhouses, many pests can be effectively controlled by the use of biological control 
agents because closed greenhouse systems have controlled and relatively stable 
environments. In open field crops, the uses of augmentative biological control agents are 
limited because more habitat-diverse crops grown in open fields and the environmental 
conditions are not stable (Huang et al., 2011). Another reason was that under this stable 
21 
 
greenhouse environment pests reproduce very quickly and growers needed to increase 
pesticide application frequency. As a result pests develop pesticide resistance quickly.  
 
Augmentative biological control was compared with chemical control by van Lenteren 
(2000a). He concluded that there is no residue/phytotoxicity on the crop, no water 
contamination and no premature damage of fruit and flowers. The release of biological 
control agents is safer and easier than pesticide application, continuous harvesting is 
allowed and there is no waiting period after application. 
 
2.3.1 Augmentative biological control in the global context 
 
Augmentative biological control is applied around the world. In Europe the first 
augmentative releases of biological control agents began in 1734 through the 
augmentative release of lacewings (Neuroptera) to control aphids (Sternorrhyncha) in 
greenhouses (Luck and Forster, 2003).  Historically, the first big success story was seen 
using E. formosa  to control T. vaporariorum before 1930 in the UK (van Lenteren, 2006; 
van Lenteren et al., 2006). However, it is very hard to get data on current use of 
augmentative biological control (van Lenteren and Bueno, 2003). Biological control 
agents in the former USSR were released on 10 million hectares and in China on 1 
million hectares (Ridgway et al., 1977). Western Europe used biological control agents on 
<30,000 hectares and North America on <15,000 hectares. Van Lenteren (2000a) 
estimated the areas under augmentative biological control agents as in Figure 2.1.  
 
Worldwide, approximately 20 species of Trichogramma were regularly used in 
augmentative biological control of Lepidopteran pests in about 22 crops and trees;  for 
example, vegetables, cereals, and cotton in Russia (3–10 million hectares), China (2 
million hectares), South America (1.2 million hectares), Mexico (1.5 million hectares) 
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and Southeast Asia (0.3 million hectares) (Li, 1994). However, intensive use of pesticides 
and economic reasons such as higher labour costs constrain the more recent use of 
Trichogramma in Japan, South East Asia, South America, USA, Canada and Europe (van 
Lenteren and Bueno, 2003). Other commercial BCAs such as Cotesia spp., egg 
parasitoids, and Orgilus sp. are currently used worldwide (Cohen, 2010). The sweet 
potato whitefly, Bemisia tabaci (Gennadius) biotype B, (= Bemisia argentifolii Bellows 
and Perring) (Hemiptera: Aleyrodidae) has been controlled by introducing a mix of 
Encarsia Formosa (Gahan) and Eretmocerus eremicus Rose and Zolnerowich, 
(Hymenoptera: Aphelinidae) in Northern Europe and Northern America or Eretmocerus 
mundus Mercet (Hymenoptera: Aphelinidae) in the Mediterranean region (van Lenteren, 
2000a). 
            
Russia, 10
Latin 
America, 4.4
North 
America, 0.07
Asia, 2.5
Europe, 0.1
 
Figure 2.1: Estimated areas (in million hectares) under augmentative biological control in the 
world (van Lenteren, 2000a). 
 
In Brazil and Latin America, the larval and pupal parasitoids are not used to a large extent 
in augmentative biological control in field crops, with the exception of the use of Cotesia 
parasitoids against sugarcane borers (van Lenteren and Bueno, 2003). In Denmark, 
augmentative biological control is the major pest control strategy being used in vegetable 
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crops. The Danish government supports this practice with facilities for the 
implementation of biological control strategies (Eilenberg et al., 2000; Hajek, 2004). 
Similarly, in 1995, predatory mites, Phytoseiulus persimilis Athias-Henriot (Acari: 
Phytoseiidae) were released on 50–70% of land producing cranberries to control two-
spotted spider mite in California (Office of Technology Assessment, 1995). This 
predatory mite is use by many growers in greenhouses as well as in outdoor crops around 
the world (Pilkington et al., 2010; van Lenteren, 2012). In Spain 20,000 hectares of 
greenhouses now use augmentative biological control (commercial BCAs) which 
increases the total augmentative biological control treated greenhouse areas globally 
(Pilkington et al., 2010). 
 
Augmentative biological control was used commercially in several crop types in Europe, 
for example, corn, apples, olives and in vineyards. In greenhouses, biological control 
agents were applied to strawberries, melon, watermelon, cucumber, tomato, sweet pepper 
and all vegetable crops and generated 80% of the global commercial revenue (van 
Lenteren, 2007; Pilkington et al., 2010). In addition, van Lenteren (2006) reported that 
augmentative biological control was used in various greenhouse cut flowers, other 
flowers and ornamentals in northern Europe and North America. More than 10% (600 
hectares) of the total area with flowers and ornamentals in Dutch greenhouses were under 
augmentative biological control (commercial BCAs) in 1998 (van Lenteren, 2000b). This 
figure might be higher now as there is no official up to date report available. The most 
important commercial BCAs in Dutch greenhouses are E. formosa, P. persimilis and 
Amblyseus cucumeris  (Oudemans) (Acarina: Phytoseiidae)  (Blockmans, 1999).  
 
In augmentative biological control entomopathogenic nematodes and invertebrate 
predators, parasites and parasitoids are more extensively used in greenhouses than in field 
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crops (Hajek, 2004). The most frequent use of commercial BCAs is reported from The 
Netherlands, the United Kingdom, France and North American greenhouses. Commercial 
BCAs are used in more than 93% of the production of  greenhouse tomatoes and peppers 
and more than 12% of greenhouse ornamentals in Canada (Murphy et al., 2002). The 
potential of augmentative biological control to suppress arthropod pests is well 
recognised but commercial use of these methods in outdoor crops is still relatively limited 
(Sigsgaard, 2005).  
 
According to van Lenteren (2003b) an estimated 20% of commercial BCAs are used for 
field applications. Sigsgaard (2005) reported on current practices of commercial BCAs 
releases in outdoor crops in Europe. Examples are, Trichogramma brassica Bezdenko 
against Ostrinia nubilalis (Hubner) (Lepidoptera: Pyralidae) in maize (approximately 
100,000 hectares), predatory mites against mites in vineyards (approximately 40,000 
hectares) and predatory mites against spider and rust mites. In addition, commercial 
BCAs were also released against Lepidopteran and Hemipteran pests in orchards 
(approximately 30,000 hectares) and P. persimilis and other phytoseiid predatory mites 
are used to control spider mites in strawberries (less than 20,000 hectares) (Sigsgaard, 
2005).   
 
2.3.2 Augmentative biological control in Australia 
 
In Australia, Aphytis melinus DeBach (Hymenoptera: Aphelinidae), a parasitoid wasp was 
the first commercially produced (1971) biological control agent. It controls the pest 
Anonidiella aurantii (Maskell) (Hemiptera: Diaspididae) (California red scale) in citrus 
crops (Furness et al., 1983). Later Aphytis lingnanensis Compere (Hymenoptera: 
Aphelinidae) was also used to control California red scale. The greenhouse whitefly, which 
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is an important pest of tomatoes, cucumbers, tobacco and lettuce, is controlled effectively 
by the aphelinid parasitoid E. formosa (Caltagirone, 1981). Another example, a predatory 
mite, P. persimilis, has been used as a commercial BCA in Australia since 1984. It is 
widely and successfully used in both greenhouse and open field situations to control the 
two spotted spider mite in strawberries (van Lenteren, 2006). Trichogrammatid egg 
parasitoids are also used for augmentative biological control in Australia. The egg 
parasitoid Trichogrammatoidea cryptophlebiae Nagaraja (Hymenoptera: 
Trichogrammatidae) has been used successfully since the 2004–5 season to control 
macadamia nut borer, a major pest in macadamia production in Queensland 
(www.bioresources.com.au/MacTrix/index.html).  
 
2.4 Commercial biological control agents (commercial 
BCAs) 
 
According to different publications, globally the numbers of commercial BCAs have 
increased gradually and the number almost doubled between 2009 and 2011 (Table 2.1).   
 
Table 2.1: Worldwide the numbers of species of commercial BCAs that are available. 
Year of publication Species commercially available 
van Lenteren, 2003a 
van Lenteren, 2007 
Cock et al., 2010 
van Lenteren, 2012 
125 
150 
170 
242 
 
 
In different regions in the world, van Lenteren (2012) presented a full list of 242 
commercial BCAs that are used (Figure 2.2). Studies reported that 115 biological control 
agents are commercially available in Europe and only 19 species available in North 
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America (USA and Canada) (van Lenteren and Tommasini, 2003). Warner and Getz 
(2008) reported that only 22 commercial insectaries produce a total of 38 macro-
invertebrate species in North America. In the USA, commercial BCAs were used for pest 
management on only about 10% of greenhouses, 8% of nurseries, 19% of cultivated fruit 
and nut acreage, and 3% of the cultivated vegetable acreage (Office of Technology 
Assessment, 1995). It is clear that the commercial insectary industry and augmentative 
biological control are facing major challenges in North America in comparison with 
Europe (Warner and Getz, 2008). In Australia, only 23 species of insects, mites and 
entomopathogenic nematodes were available for augmentative biological control in 2002 
(Llewellyn et al., 2002). This number increased to 31 commercial BCAs which were 
available by 2011 (van Lenteren, 2012). Currently 36 commercial BCAs are available in 
the Australian pest control market in 2014 (www.goodbugs.org.au). 
      
0
20
40
60
80
100
120
140
160
180
200
Europe America
(North &
Latin)
Africa
(North &
South)
Asia Australia New
Zealand
Different regions in the world
N
o
. 
o
f 
co
m
m
er
ci
a
l 
B
C
A
s 
in
 2
0
1
2
 
 
Figure 2.2: Commercial BCAs used in different regions in the world (van Lenteren, 2012). 
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Currently, commercial BCAs comprise microbial (fungi, viruses, protozoa and bacteria) 
and macrobial (entomopathogenic nematodes and invertebrate predators, and parasitoids) 
organisms. This study investigated only macrobial organisms. In recent years, interest has 
developed in using multiple commercial BCAs rather than a single agent in augmentative 
biological control of a particular cropping system. To address this researchers reviewed 
167 projects and concluded that a single commercial BCA was sufficient to reduce pests 
in more than 50% of  multiple-agent projects in which several species were released in a 
particular cropping system (Denoth et al., 2002). The introduction of multiple commercial 
BCAs in augmentative biological control adds to the complexity of a natural system as 
well as the negative effects on native flora and fauna.  
 
The global crop protection market is approximately US$600 million in sales and 
commercial BCAs occupied only around 2% of this market  (Anonymous, 2005). In 
Africa for example, in 2003 total annual commercial BCAs sales were valued at 
approximately US$23 million, including US$5 million for bacterial products (Guillon, 
2004). In Kenya, total pesticide sales were valued at approximately US$57.4 million in 
2002, of which only US$1.15 million (2%) were commercial BCA sales and mainly B. 
thuringensis (Bt)-based products (Wabule et al., 2004). Only 30 species constitute 90% of 
total global commercial BCA sales and 80% of this sale value comes from their use in 
greenhouses (van Lenteren, 2007).  
 
2.4.1 Implementation of commercial BCAs  
 
Commercial BCAs require positive publicity such as activities by government, local 
research centres and insectary industries. Most of the insectary companies are small 
enterprises and are not large enough to advertise their products alone. Most of the current 
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insecticide companies spend a lot of money on advertising in order to convince farmers 
that chemicals are cheap, effective, easy and safe to use (Moser et al., 2008). Any type of 
biological control is a rapidly growing area which brings scientists together from different 
disciplinary backgrounds. Ecologists, entomologists, plant pathologists, weed scientists, 
insect pathologists and microbiologists are likely to be involved. Therefore, any type of 
effective biological control requires more research to combine and develop new and 
innovative approaches to achieve effective pest management (Hoy, 2009). 
 
A previous study noted that successful implementation of commercial BCAs are highly 
dependent on crop-specific characters such as long-term or short term-crops, or 
vegetables or ornamentals (Van Driesche and Heinz, 2004). Innovation in commercial 
BCAs is not straightforward, and farmers need guidance when it is to be implemented  
(DeBuck and Beerling, 2006). 
 
Most commercial BCAs are effective against only a small group of pest species and their 
efficacy is largely dependent on several factors such as physical, chemical, and biological 
environmental factors (Yano, 1993). Many researchers cited the growing number of 
commercial BCAs and commercial suppliers of biological control agents to indicate that 
the practice of augmentative biological control was expanding (Parrella et al., 1992; van 
Lenteren, 2003a). Others argued that augmentative biological control has not fulfilled its 
potential (Collier and Steenwyk, 2004). They claimed that augmentation achieved target 
densities in about 15% of case studies and failed 64% of the time as well as being less 
effective and more expensive than pesticides.  
 
Van Lenteren (2006) reported that improved augmentation (rearing technology, releasing 
more species of natural enemies and integration with selective pesticides) had been 
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implemented as long as 25 years ago. He also reported that on the present knowledge of 
natural enemies and modern agricultural production, biological control (including 
augmentative biological control) can be used to solve a considerable part of the current 
pest problems in agriculture and that conventional chemical control can be limited to    
0–5% of its current use i.e. when using true Integrated Pest Management. For example 
more than 5000 modern and highly educated farmers in Northwest Europe reduced 
pesticide use of up to 100% in greenhouses while yields remained the same or even 
increased because phytotoxic effects of pesticides no longer occurred (van Lenteren, 
2000a).  
 
Successful augmentative biological control requires coordination of technical, scientific, 
agricultural, economic and social factors. The strengths and weaknesses of the 
commercial insectary industry strongly influence augmentative biological control. It is 
important to study the commercial insectary industry to determine the viability of 
augmentative biological control as a pest management strategy.  
 
2.4.2 Different factors influence the adoption of commercial 
BCAs 
 
There are numerous factors influencing the uptake of commercial BCAs by growers such 
as demographics, economic and growers’ attitudes (Adesina and Zinnah, 1993; Sadati et 
al., 2010; Grogan and Goodhue, 2012). There is an extensive literature available on the 
adoption of agricultural technology. This literature as reviewed by several authors 
includes: a range of factors such as age, levels of education, access to labour, income, 
farm size, sources of information, environmental awareness and social networks that are 
positively related to the adoption of agricultural technology (Pannell et al., 2006; 
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Prokopy et al., 2008; Howley et al., 2012). A range of personal, social, cultural and 
economic factors as well as the characteristics of the innovation itself, influenced the 
adoption of agricultural technology (Pannell et al., 2006). Innovation is more likely to be 
adopted when it has a high ‘relative advantage’ (which depends on a range of economic, 
social and environmental factors) and its ‘trialability’ (easy to test and learn before 
adoption). Non-adoption or low adoption of a number of conservation practices is readily 
explicable in terms of their failure to provide a relative advantage or a range of 
difficulties that growers or landholders may have in trialing them (Pannell et al., 2006). 
 
Several studies have shown a poor rate of IPM adoption worldwide (Wearing, 1988; 
Bajwa and Kogan, 2003). There are several reasons for the low adoption such as a lack of 
information, complexity, efficacy of chemical-based control and lack of entomologists 
and local advisors. In addition, most of the projects focus on research rather than 
implementation of IPM (Horne et al., 2008). There are some other barriers such as lack 
of pesticide regulations, poverty, contradictory societal messages to farmers, insufficient 
government funding and support, lack of training in IPM and lack of knowledge about 
agroecosystem complexity in the adoption of IPM (Cumming and Spiesman, 2006). In 
developing countries, the main obstacle for the adoption of IPM is insufficient training 
and technical support to the farmers (Parsa et al., 2014). Through trial and error IPM has 
proceeded to address all of these aforementioned issues.  
 
Moser et al. (2008) reported that the adoption of commercial BCA is strongly affected by 
two factors namely the socio-economic environment in which they are to be applied, and 
farmers’ attitudes. The Californian citrus growers use the commercial BCA, Aphytis 
melinus, when they have more education and citrus acreage but marketing outlets, 
ethnicity and primary information sources had influence as well (Grogan and Goodhue, 
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2012). In terms of effectiveness, the quality of commercial BCAs is also an important 
factor. If growers have confidence with commercial BCAs then they are willing to 
experiment and adopt them. If, for any reason, a grower does not have confidence in 
them then they would be less prone to try them (Moser et al., 2008). In Australia, a 
survey of apple growers showed that the key factors that influence growers were the 
climate and topography of the orchard, the isolation of the orchard, the crop types in the 
region, the chemical and biological options and the cost and effectiveness of those 
options (Kaine and Bewsell, 2008). These factors have been poorly investigated in 
commercial BCA research and development programs. They need to be addressed for the 
implementation of commercial BCAs. This study investigated the citrus growers’ 
attitudes (as a case study) towards the use of commercial BCAs in their pest management 
program.  
 
2.5 Commercial insectary industry 
 
The development of commercial insectaries began with citrus pest management in 
Southern California (Dietrick, 1981). Historically, the regional government organised 
many insectaries in Southern California (Luck and Forster, 2003). In the 1950s, the 
government-organised insectaries disappeared with the introduction of synthetic organic 
pesticides. Only the private and grower-owned insectaries remained (Graebner et al., 
1984).  
 
The commercial insectaries were first established in the USA where Everett J. Dietrick 
was the pioneer of the commercial insectary industry. In 1950, he started his first 
insectary in his garage in Riverside, California. Later in 1951, the Rincon-Vitova 
insectary was established by Stubby Green and Doug Green to produce C. montrouzieri. 
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These two insectaries (Rincon-Vitova and Dietrick’s garage insectaries) were the first 
commercial insectaries in the world (Drlik, 1995). Today, Koppert is the world’s largest 
insectary, which was started by a Dutch grower, J. Koppert (Van Driesche et al., 2008). 
DeBach (1964) reported that large-scale production of commercial BCAs began after the 
Second World War. In 1997, there were only 64 commercial insectaries worldwide, 26 in 
Western Europe, eight in Central Europe, ten in North America, five in Australia and 
New Zealand, five in Latin America, five in Asia and five in Russia (van Lenteren et al., 
1997). Five years later there were about 85 commercial insectaries worldwide, 25 in 
Europe, 20 in North America, six in Australia and New Zealand, five in South Africa, 
about 15 in Asia (Japan, South Korea and India) and about 15 in Latin America (van 
Lenteren, 2003b). In 2009, there were 130 commercial insectary companies worldwide, 
of which 30 were larger (more than 10 people employed) and 100 smaller (2–10 people 
employed) companies (Cock et al., 2010). Van Lenteren (2012) reported that throughout 
the world, 530 commercial companies produced biological control agents in 2011, among 
them 30 larger companies (more than 10 people employed) and it was estimated about 
500 smaller (2–10 people employed) companies. Both authors (Cock et al., 2010; van 
Lenteren, 2012) followed the same methods to review this information. Thus over the last 
14 years (1997–2011) commercial insectary companies expanded rapidly around the 
world (Figure 2.3).    
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Figure 2.3: Worldwide increases in the number of commercial insectary companies (1997–2011) 
(including Australia) (The number of insectaries in different years  sourced from the following  
articles: Cock et al., 2010; van Lenteren, 2012; van Lenteren et al., 1997; van Lenteren and 
Tommasini, 2003). 
 
The commercial insectary companies mainly rear predators and parasitoids whereas only 
a few companies produce entomopathogenic nematodes. Microbial agents (fungi, viruses, 
protozoa and bacteria) are produced mainly by chemical companies. Commercial 
insectary companies are influenced by several factors including quality control which is 
the most important factor in their production, particularly if they rear the commercial 
BCAs on artificial diets. During mass-rearing this artificial selection may lead to reduced 
performance of commercial BCAs and use of these poor quality individuals leads to 
failure in pest management (van Lenteren, 2003b). Therefore, a quality control 
programme or assessment is necessary for commercially produced biological control 
agents (Sorati et al., 1996). Recently, the International Organisation for Biological 
Control/European Community (IOBC/EC) developed a full set of quality control 
guidelines for more than 30 species and these have been widely tested and adopted by 
commercial producers. In Europe, North America, Australia, New Zealand and Japan 
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these guidelines are used for quality control of commercial BCAs. There are no 
publications in Australia and New Zealand on quality control of commercial BCAs, 
whereas in the former Soviet Union, China and Southern Africa there are some 
publications (van Lenteren, 2003b). These guidelines cover features that are relatively 
easy to determine in the laboratory such as emergence, sex ratio, life-span, fecundity, 
adult size and predation/parasitism rate  (van Lenteren, 2003b).  
 
Another major factor is government rules and regulations which govern commercial 
insectary industries. These regulations need to actively facilitate the use of commercial 
BCAs in order to support healthy agriculture and the environment, and should not slow 
down augmentative biological control (Glenister, 2004). Because of  the current changes 
in regulatory practices for entry of beneficial insects, mites and nematodes into the USA, 
commercial insectaries and their customers can suffer the effects of these changes 
(Warner and Getz, 2008). Some commercial insectaries are largely dependent on long-
distance transportation, as for example North American commercial insectaries who 
import some species from Europe and some insectaries which own or manage facilities in 
more than one country. Commercial insectaries face significant economic losses due to 
the change of rules for the importation of living organisms to the USA and face major 
challenges (Warner and Getz, 2008).  
 
2.5.1 Insectaries in the global community  
 
Many commercial and government funded insectaries produce biological control agents 
around the world. Ridgway and Vinson (1977) noted there were 50 North American 
suppliers of commercial BCAs, and later a survey reported 95 suppliers that produce 102 
organisms for biological control (Hunter, 1997). In Africa, the demand for commercial 
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BCAs has increased in South Africa and Kenya. Dudutech (Kenya) Ltd and BCP Ltd 
were established in response to the demand from exporters (Cherry and Gwynn, 2007). 
However, there is limited uptake of commercial BCAs in local markets which have not 
reached sufficient capacity to establish local commercial BCA producers. There is a need 
to support community-level production and training for commercial BCAs. One 
successful example is in Cuba where government intervention to create local production 
of biological control agents acts to supply horticultural crops. Another example comes 
from India, where small farm and community based biological control agents’ production 
continues to receive attention with the World Bank granting funds for establishing 
community based rural nucleopolyhedrovirus production facilities (CGIAR, 2005).  
 
Many researchers claimed that the biologically based pest control market expanded 
rapidly (Ridgway and Inscoe, 1998). In 1995, the Office of Technology Assessment 
estimated that the global market for biologically (both micro- and macro-organisms) 
based pest control ranged from US$180–240 million and the commercial BCAs’ market 
was US$40 million. That is commercial BCAs’ (macro-organisms) sales are about 20% 
of the total market for biologically based pest control (Office of Technology Assessment, 
1995). According to FAO 2009, the total market of the commercial BCAs was estimated 
at US$200–260 million (Tracy, 2014). This figure might be higher now as there is no 
official up-to-date report available. The USA biologically based pest control market 
ranges from US$95–147 million and commercial BCAs’ market was US$8 million in 
1995 which was about 6% of the total market for biologically based pest control in the 
USA (Office of Technology Assessment, 1995).  
 
In 2003, the biologically based pest control global market reached US$588 million and 
commercial BCAs’ value was US$190 million which was about 32% of the global 
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biologically based pest control market (Guillon, 2004). But in North America, 
commercial BCAs constituted less than 10% of the biologically based pest control market 
and use of commercial BCAs appears to be static with declining demand in some species 
(Warner and Getz, 2008).  
 
In Europe, the use of commercial BCAs in greenhouses began in 1968 and only two small 
commercial companies produced these agents. By 1997, greenhouse commercial BCAs’ 
market value was more than US$30 million (Hajek, 2004). Pilkington et al. (2010) 
reported that the commercial BCAs’ market in Spain is 30 million Euros (about US$41 
million). There is no such data available in Australia. The current project will investigate 
the scale and viability of the Australian insectary industry.  
 
2.5.2 Insectaries in Australia 
 
In Australia, biological methods of insect control were first used commercially in 1944 by 
a few citrus growers at Merbein in the Sunraysia district. Biological Services Inc. was  
Australia’s first commercial insectary, which was established by Ron George in 1971 at 
Loxton in South Australia (Furness et al., 1983). This company started with one 
biological control agent A. melinus (Furness et al., 1983). The Australian insectary 
industry produced only 23 species of insects, mites and entomopathogenic nematodes in 
2002 (Llewellyn et al., 2002). These 23 biological control agents were six species of 
predatory mites, eight species of parasitoid wasps, one species of predatory ladybird, two 
species of predatory bugs, two species of predatory lacewings, three species of beetles 
and one species of entomopathogenic nematode (Llewellyn et al., 2002). After four 
decades since the first insectary establishment only seven commercial insectary 
companies produced 31 commercial BCAs in 2011 and in 2014, only five companies 
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commercially operated in Australia because two of the small companies merged with two 
of the large companies (www.biologicalservices.com.au/history.html; 
www.goodbugs.org.au; Bugs for Bugs, 2015).  
 
In 1994, the pricing and marketing by commercial BCAs’ suppliers in the USA were 
reviewed and it was stated that knowledge of product prices is important for making 
calculations on the cost effectiveness of using commercial BCAs (Cranshaw et al., 1996). 
Van Lenteren et al. (1997) did a similar review of pricing and marketing for Europe. They 
reported that large differences exist between Europe and the USA in prices for 
commercial BCA. There is no such review or information about prices for commercial 
BCA available for Australian producers. There is no information available regarding the 
total annual sales of commercial BCAs in Australia.  
 
Quality issues are another important factor for commercial insectaries and there is no 
Australian published guideline on quality control. However, in 1992, the Australasian 
Biological Control Association Inc. was established by the Australian and New Zealander 
commercial insectary owners. They also developed the Association’s website with links 
to individual insectaries (Llewellyn et al., 2002). From this information, it is assumed that 
the Australian insectary industry is still in its infancy compared with the European and 
American insectary industries. Therefore, this project is being undertaken to conduct a 
comprehensive study of the commercial insectary industry to understand why it is not 
expanding to the same extent as in other countries and why augmentative biological 
control has an unfulfilled potential in agricultural production. The study focuses on the 
key stakeholders of this industry such as the Australian commercial insectary companies’ 
owners, researchers who are conducting citrus pest management research in Australia and 
citrus growers. 
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Chapter 3: Research methodology 
 
The chapter discusses the research design and theoretical framework employed in this 
research. It describes and justifies the social research methodologies which have been 
applied and the different social research tools that have been used to collect data. This is 
followed by the interview tool used for qualitative data collection. There is a discussion 
about the adoption determinants (demographics, economic factors, general information 
about citrus farm practices, grower perceptions, technology characteristics and 
institutional factors) in the questionnaire tool. A report summarising the results 
(Objectives 1, 2 and 3) was sent back to the participants (who had been previously 
interviewed) to get feedback from them.   
 
3.1 Research design 
 
The commercial insectary industry is situated within the broader plant protection system. 
This system is perceived as a complex adaptive social ecological system which includes 
many interacting components such as:  
 
 farms and their human, natural, social and financial capital; 
 the production landscapes in which the farms are situated; 
 product value chains; 
 input supply chains; 
 plant protection expertise including available expertise in Integrated Pest 
Management (IPM); 
 researchers and the research system; and 
 government agencies and their associated actions, regulations and policies.  
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This study focused on the Australian commercial insectary industry which is a small 
component of this system. The study attempted to understand the phenomenon of the 
lack of growth in this industry in the context of this complex system. Figure 3.1 shows 
just the plant protection components of the system as linked through IPM, and locates the 
commercial insectary industry as just one of three approaches to biological pest control. 
In order to study the insectary industry in context, a number of components of this 
system were investigated through direct contact with the people involved. Data were 
collected on different perspectives and aspects of that complex system, and were 
synthesised with a focus on the possible interventions that could lead to an expanded role 
for the insectary industry and commercial biological control agents (commercial BCAs). 
The insectary industry commercially produces predators, parasitoid and nematode BCAs 
which are the agents for augmentative biological control of invertebrate pests, which is 
just one of the three biological control strategies. Biological control is one of many pest 
management strategies that can be employed when using an IPM (Figure 3.1).   
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                                                                          This research 
 
 
 
Figure 3.1: Different strategies under IPM modified from other studies (Bajwa and Kogan, 2002; 
Maredia et al., 2003) and this research. 
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The starting point for the research was the insectary industry itself. Desktop research and 
discussions with key informants clarified the broad characteristics of the industry. The 
small size of the industry made it feasible to interview all the Australian commercial 
insectary owners (a total of nine insectary owners) including two that are not currently 
engaged in commercial production. Out of these two insectary owners, one just closed his 
insectary very recently (end of 2010 and interviews were conducted in 2011) and for 
many years he operated this company. His experiences were very important for this 
research because the obstacles he had to face ended his company. The other one has a 
combination of experiences (a small scale insectary and IPM serveries to the growers) 
which was also very important for this research.  
 
The citrus industry was identified as an appropriate focus to evaluate likely barriers to 
insectary industry expansion within a broader context. This is because commercial BCAs 
were first developed for citrus pests in Australia and these agents were commercially 
available in 1971. Some insectary owners specialise in citrus pest control agents, and 
citrus growers remain a key market for two insectaries. Citrus pest management 
researchers have been involved in the citrus industry for an average of about two 
decades. This involvement was either current or previous. It was therefore appropriate to 
interview samples of citrus pest management researchers (9) and citrus growers (9) to 
better understand scientific and practical components of the problem. Semi-structured 
interviews were conducted until the author judged that adequate and quality data have 
been collected to support the study (Walker, 2012). No new information or views were 
being expressed which indicated that data saturation had occurred.  The interviews of the 
citrus growers provided the knowledge and understanding required to develop a 
questionnaire through which knowledge, experience and perceptions of growers could be 
quantified. The research process is summarised in Figure 3.2. 
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Figure 3.2: The research process. 
Introduction (Chapter 1) 
Identified the problem. 
 
Literature Review (Chapter 2) 
Literature review and framed the problem.  
Methodology (Chapter 3)  
Ethnographic participatory action research framework and 
mixed method design (qualitative semi-structured interviews and 
quantitative survey). 
 
 
 
 
Objective 1 (Chapter 4)  
The Australian insectary industry, interviewed 
all insectary owners (9). 
 
 (Chapter 7)  
General discussion and develop a report summarising the 
results for the participants (who had been previously 
interviewed). 
 
Objective 2 (Chapter 5) 
Citrus pest management researchers 
were interviewed. Sample size was 9 
due to the data saturation. 
Objective 3 (Chapter 6) 
Citrus growers were interviewed. 
Sample size was 9 due to the data 
saturation. 
 
(A National survey)  
A national survey of citrus growers 
was conducted (responses were 72). 
 
Objective 4 (Chapter 8) 
A summary results report (Objectives 1, 2 and 3) 
sent to the interviewees to get feedback from them 
(responses were 21).  
Recommendations and overall conclusions. 
 
 
The Australian insectary industry 
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3.2 Theoretical framework  
 
There are three major theoretical approaches for qualitative research: Phenomenology, 
Ethnography, and Grounded Theory (Richards and Morse, 2007) (Table 3.1).  
 
Table 3.1: Types of theoretical approach and the appropriate research questions. 
 Theoretical  
 approaches  
Questions 
Phenomenology 
 
Questions about the meaning or core or essence of phenomena or 
experiences. Focused on descriptions of what people experience, and how it 
is that they experience, and what they experience (Onwuegbuzie and Leech, 
2005).   
Ethnography Observational questions and descriptive questions about values, beliefs, 
and practices of cultural groups (what is going on here?) (Richards and 
Morse, 2007). 
Grounded theory Process questions about changing experience over time or its stages and 
phases. Studies are usually situated in experiences in which change is 
expected, and the method has become dominant in research areas where the 
understanding of change, and process is central (Richards and Morse, 
2007). 
 
 
This research best fitted an Ethnographic approach, and is not appropriate for 
Phenomenological or Grounded Theory approaches. The ethnographic approach explores 
holistic insights or phenomena within the context of local customs, meanings and beliefs. 
It is used to study smaller subcultural units such as institutions, closed institutions 
(hospitals, nursing homes), or those with particular occupations such as doctors and 
nurses (Ager and Loughry, 2004; Richards and Morse, 2007). In this research, the 
insectary industry can be viewed as a smaller institution, while insectary owners, citrus 
pest management researchers and citrus growers are viewed as smaller subcultures. 
Therefore, this research adopted the ethnographic approach in addressing the overall 
research objectives about the expansion of the Australian insectary industry. This method 
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is appropriate because the research is aimed at understanding in depth the Australian 
insectary industry, the researchers who are doing research on citrus pest management in 
Australia and citrus growers.   
 
This project was planned based on a Participatory Action Research (PAR) framework. 
This is one of a number of specifically focused ethnographic approaches and was 
appropriate for this study because it focused on a particular industry (Georghiou, 1983; 
Richards and Morse, 2007). Normally this involves an intervention and evaluation of its 
impact then modification of the intervention in successive cycles where the researcher 
works in collaboration with the key stakeholders. In this project it was only possible to 
complete part of one action research cycle due to the time and budgetary constraints. 
Initially it was planned to organize a workshop in order to discuss the study and its 
recommendations and obtain industry feedback and initiate an ongoing action agenda. 
Due to time and funding constraints the workshop was cancelled. Instead a report was 
written to the stakeholders and got feedback from them to write Chapter 8 of this thesis 
and recommendations. If there was more time and funds for workshops then it would 
have been possible to discuss these recommendations with stakeholders about these 
recommendations, and develop further recommendations or guidelines for helping 
insectary owners to form a lobby group, or organize a petition to government or 
submitting application to the Horticulture Innovation Australia Ltd. for further actions 
that could facilitate and reduce the cost of adoption of commercial biological control 
agents by growers. Research was conducted with insectary owners, citrus pest 
management researchers and citrus growers and results were fed back to the participants 
through a summary results report to seek further input into the development of 
recommendations. Researchers (my supervisors and I) participated in the study to 
understand the total system and how it was operating, challenging stakeholders to explore 
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the most appropriate steps towards the further development of the industry. The research 
team were agents for change within this industry and were active in the process of 
influencing its development. This approach is informed by and consistent with the PAR. 
 
To obtain a deeper understanding of the Australian insectary industry qualitative methods 
are required. However, quantitative methods are required to determine the potential for 
industry growth. Therefore, the overall research design needed pragmatic mixed methods 
with an emphasis on choosing the most appropriate method for different objectives 
(Onwuegbuzie and Leech, 2005).  
 
This can be defined as: 
 
“Integration of qualitative data with quantitative data to answer research 
objectives, or test hypotheses, addressing relationships between independent, and 
dependent variables” (Van De Vrie et al., 1972)”. 
 
The purpose of mixing qualitative and quantitative methods is to get information from 
multiple sources, and improve the quality of instruments used for data collection  
(Macqueen and Milstein, 1999; Ager and Loughry, 2004). This design can be used when 
one method alone does not provide a comprehensive answer to the research objectives 
(Richards and Morse, 2007). 
 
Many researchers believe studies must take either a qualitative or a quantitative 
epistemological approach and that  research paradigms and methodologies cannot be 
mixed (Rossman and Wilson, 1985). Other researchers have dismissed this polarisation 
because epistemology need not dictate the method of data collection or analysis 
(Onwuegbuzie and Leech, 2005; Cohen et al., 2007). When a research question demands 
a number of methodological approaches or choices include both qualitative and 
46 
 
quantitative methods, mixing the two methods are beneficial (Tashakkori and Teddlie, 
2003; Onwuegbuzie and Leech, 2005). It has been concluded that this research was best 
suited to a mixed method approach to provide in-depth understanding of the context then 
to quantify that understanding.  
 
The following paragraph addresses the issue of researcher bias. The author has formal 
training in entomology and has strong interest in IPM, especially with regard 
to augmentative biological control and its implementation. Social research projects 
possess potential researcher bias in the stages of participant selection, survey design and 
qualitative data analysis. The following strategies were used to counteract this bias: 
 
 key informants were consulted in formulating the research questions and research 
design; 
 
 triangulation was achieved through the collection of qualitative data from three 
different groups of people involved in this industry: insectary owners, citrus pest 
management researchers and citrus growers; 
 
 the entire population of insectary owners was interviewed; 
 
 the samples of citrus pest management researchers and citrus growers were chosen 
according to objective criteria; 
 
 interview transcripts were returned to respondents and adjustments were invited; 
 
 The quantitative survey of citrus growers was formulated based on interviews 
from a sample of growers which continued until novel responses declined. This 
was taken as an indication that data saturation had been achieved; 
 
 A summary report was prepared and circulated to the focus group and 
contributions were invited from the respondents. 
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3.3 Research tools used for the four specific Objectives 
  
Objective 1 (Figure 3.2) required developing an in-depth understanding of the 
industry in context from the perspectives of the insectary owners. As the population size 
was only nine it was possible to interview the entire population including two whose 
insectaries are no longer in commercial production. As a result, semi-structured 
interviewing and qualitative analysis was the most appropriate tool for data collection 
and analysis. Chapter 4 addresses this Objective. 
 
Objective 2 (Figure 3.2) addressed the perspectives of researchers (researching on 
citrus pest management) about the industry. Semi-structured interviews (9) were 
continued until it was judged that data saturation (no new information or views emerged) 
had been achieved. Data were analysed using qualitative analysis. It needed to uncover 
the underlying barriers that hindered the use of commercial BCAs in Australia from the 
researchers’ perspectives. Chapter 5 addresses this Objective. 
 
Objective 3 (Figure 3.2) Objective 3 (Figure 3.2) needed to understand the industry 
and its context from the perspective of citrus growers. It was also important to understand 
the extent to which views were representative of a larger population, approximately 2000 
growers (Citrus Australia Ltd., 2011). To achieve this, both qualitative and quantitative 
tools were needed. Semi-structured interviews (9) were continued until data saturation 
had been achieved.  Semi-structured interviews were used to better understand citrus 
growers’ perspectives. These interviews helped to understand the citrus growers’ attitudes 
towards the use of commercial BCAs which helped to develop a questionnaire for a 
national survey. The national survey was quantitative because there was a large 
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population of growers. It was needed to generate quantifiable, reliable data from a sample 
that could be generalised to the larger population. Despite a concerted effort to recruit 
more respondents, only 72 participants completed the surveys. These small sample (72) 
data were compared to sparse national data to assess the similarity to the national citrus 
growers’ population. In view of the low response rate in the survey, it is useful and 
appropriate to use the survey results to give qualitative inferences. Chapter 6 addresses 
this Objective. 
 
Objective 4 (Figure 3.2) was addressed through the summary results report of 
Objectives 1, 2 and 3. It was necessary to send these results to the participants (who had 
been previously interviewed). A total of 21 responses were received. This Objective 
identifies the factors and their impacts on the Australian insectary industry. Their role in 
the concept of augmentative biological control in Australia is examined and develops 
recommendations for the Australian insectary industry, IPM practitioners, pest 
management consultants and policy makers. Chapter 8 addresses this Objective.  
 
3.4 Methods 
 
Before collection of data, ethics approval from the University of Sydney Human Research 
Ethics Committee (HREC) was required. Two applications (Stage I and Stage II) were 
submitted. The first application (Stage I) was for interviews with insectary owners and 
citrus growers and Approval Protocol no: 13278 (14th December 2010) was granted. The 
second application (Stage II) for surveys of citrus growers, interviews with researchers 
and feedback to the participants through a summary results report and Approval Protocol 
no: 14675 (19 April 2012) was granted.  
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As a part of the routine HREC process, prior to the interview each participant received a 
Participant Information Statement (PIS), consent form, and cover letter that outlined the 
researchers and organisations involved, and the purpose of the interviews (Appendix 1–3, 
cover letters). These documents also stated that participation was entirely voluntary for all 
aspects of the study. It explained that anonymity would be maintained through data 
aggregation, and by not naming participants directly. Only the research team would know 
their identity, and would not divulge it to a third party, and that survey participants were 
not privy to individual responses of other participants. Before conducting interviews a 
signed consent form was collected from each interviewee. In order to ensure maximum 
response rates all the interview participants were contacted initially by telephone or email 
to confirm their willingness to be involved in this interview. Each contact was brief, 
personalised and confidential. They were also informed that aggregated research results 
will be made available to them to assist with their business or policy objectives.  
 
The Participant Information Statement for interviews included: 
 
“Being in this study is completely voluntary and you are not under any obligation 
to consent and if you do consent you can withdraw at any time without affecting 
your relationship with The University of Sydney. You may stop the interview at 
any time if you do not wish to continue the audio recording of the interview will 
be erased and the information provided and gathered will not be included in the 
study”. 
 
The Participant Information Statement for the questionnaire included: 
 
“Being in this study is completely voluntary and you are not under any obligation 
to consent to complete the questionnaire/survey. Submitting a completed 
questionnaire/ survey is an indication of your consent to participate in the study. 
You can withdraw any time prior to submitting your completed 
questionnaire/survey. Once you have submitted your questionnaire/survey 
anonymously, your response cannot be withdrawn”. 
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Questionnaire survey participants received only questionnaires and Participant 
Information Statements (PIS) (Appendix 10, questionnaire). Consent was deemed to be 
given by survey completion. 
 
In this study different data collection tools (instruments or techniques) were used for 
triangulation which provided different views of the research objectives. These tools were 
interviews, questionnaire survey, and a summary results report to the participants (who 
had been previously interviewed). 
 
3.4.1 Interviews 
 
Interviews reported in Chapter 4, 5 and 6 
Interviews are most commonly used as data collection tools in qualitative research which 
supplement, and extend knowledge about an individual’s thoughts, feelings, behaviour, 
and interpretations (DiCicco-Bloom and Crabtree, 2006; Woods, 2011). In the 
ethnographic research interview, it is the most important data-gathering tool that is used. 
The term ‘qualitative interviews’ is often used in qualitative research, and have been 
categorised into three types; unstructured, semi-structured and structured interviews 
(Bernard, 1988; DiCicco-Bloom and Crabtree, 2006) (Table 3.2). 
 
In this ethnographic research study, a semi-structured interview was used (Table 3.2). 
This type of interview is neither an unstructured nor a structured interview nor a free 
conversation. Rather this type of interview regulates the order of questions and allows the 
respondents to tell a lot of detail. Respondents do not have to rely only on predefined 
concepts or questions of the interviewer. This kind of interview is more flexible than an 
unstructured or structured type. The semi-structured interviews aimed to understand the 
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unique experiences of targeted samples (insectary owners, citrus pest management 
researchers and citrus growers). They also encouraged the respondents to freely discuss 
their ideas and opinions, and give more detailed answers to the questions. It is necessary 
to use open-ended questions as well as probing questions to obtain the detailed 
information required.  
 
The pro-forma for each of the interviews in Chapters 4, 5 and 6 was developed based on 
the specific topics which addressed the research objectives. These are given in the 
Appendix 7–9 as described in Chapter 4, 5 and 6 (Figure 3.2). They are designed to elicit 
information about the insectary companies and commercial BCAs from the insectary 
owners (Chapter 4), citrus pest management researchers (Chapter 5) and citrus growers 
(Chapter 6). Most of the interview questions were based on the North American 
commercial insectary industry survey (Warner and Getz, 2008).  
 
The limitations of the semi-structured interviews are the predefined topics and questions 
which addressed the research objectives. After an open-ended question an interviewer 
asks follow-up or probing questions. Through the follow-up question, the interviewer 
seeks more detail about the topic that was brought up by the respondents (Rogers and 
Shoemaker, 1971). Misunderstanding and misinterpretation of words are a limitation. To 
overcome these limitations interviews were recorded, transcribed, and then sent to the 
respondents for approval. Interviews were practiced with pilot “participants” prior to 
being conducted on the target population. This allowed the pro-formas to be adjusted, 
and provided practice for the interviewer. 
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   Table 3.2: Types of interview appropriate for the data. 
Interviews Appropriate data 
Unstructured 
interviews 
Unstructured interactive interviews are appropriate when the researcher seeks to 
learn primarily from respondents what matters, or how procedure is understood, 
without interruption (Bryman and Bell, 2007; Richards and Morse, 2007). The 
researcher may not obtain data that is relevant to the question of the study, or 
respondents may talk about irrelevant, and inconsequential issues (Kajornboon, 
2005). 
Semi-structured 
interviews 
 
Semi-structured interviews are appropriate “when researchers are familiar 
enough with the study topic to develop an agenda, and questions about the topic 
in advance of interviewing (Bryman and Bell, 2007; Richards and Morse, 
2007)”. An initial open-ended question elicits responses that are on the top of the 
respondent’s mind about the area of interest. The interviewer then follows up 
with questions, or probing questions seeking details on areas of interest to the 
researcher that have been brought up by the respondent. Participants not only 
respond to the questions that are asked by the interviewer, they are also 
involved in an extended dialog with the interviewer. They respond to the 
interviewer’s questions and comments, and interact deeply with the interviewer 
(Macqueen and Milstein, 1999). 
Structured 
interviews 
Structured interviews use a questionnaire format with pre-planned and closed 
questions which are frequently used to generate quantitative rather than qualitative 
data (Whiting, 2008; Woods, 2011). Respondents may not receive probing questions, 
or information to answer the question (Kajornboon, 2005; Woods, 2011).  
  
 
In this study, semi-structured interviews were conducted with nine insectary owners (the 
total population) (Chapter 4) (Figure 3.2). Insectary owners were recruited through the 
Australasian Biological Control Association Inc. (www.goodbugs.org.au) webpage search 
and did not attempt to include other people (non-members of this association) who may 
be rearing biological control agents in Australia. A list of 14 citrus pest management 
researchers was compiled based on their publications and profile search through different 
institutions, namely the universities, state departments and the CSIRO (Chapter 5) (Figure 
3.2). Subsequently nine researchers were interviewed due to data saturation (no new 
information or views emerged). The citrus growers were recruited through insectary 
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owners, Citrus Australia Ltd. and pest management consultants (Chapter 6) (Figure 3.2). 
A list of ten citrus growers was compiled who were adults (over 18 years of age and 
growing citrus crop). Interviews were continued until the author felt that data had reached 
saturation (no new information or views were being expressed which indicated that data 
saturation had occurred) and stopped after nine interviews. Each interview was recorded 
(audiotaped) and initially estimated to take about 60–90 minutes. When studies used 
multiple methods (for example, in-depth interviews and survey) with the same population 
then those studies required fewer participants (Diane et al., 2002). Qualitative research is 
labour intensive and too large a sample collects repetitive superfluous data (Mason, 
2010).  
 
3.4.2 Questionnaire survey 
 
Questionnaire survey reported in Chapter 6 
Questionnaires are fundamental tools for acquiring information in social science 
research. A questionnaire can be defined as: 
 
“An instrument consisting of a series of questions or attitudes or opinion 
statements designed to elicit responses which can be converted into measures of 
the variables under investigation” (Franklin and Osborne, 1971)”. 
 
In this study, one of the objectives (Objective 3, Figure 3.2) was to identify the factors 
behind the adoption of commercial BCAs by Australian citrus growers. To address this 
objective the self-administered questionnaire surveys were conducted throughout the 
Australian citrus growers because data can be collected from a large sample of the 
population within a short period of time. Other tools were not appropriate to address this 
objective. 
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An extensive literature exists that describes the many perspectives involved in the 
adoption of new technology such as commercial BCAs. The decision making process  to 
adopt the technology is complex, continuous, and passes through different stages, such as 
awareness, interest, evaluation, acceptance and trial (Lionberger, 1960; Rogers, 1983). At 
each stage there are various constraints (such as social, economic, physical or logistical), 
and often a blend of income, profit, and institutional support is needed (Rogers and 
Shoemaker, 1971; Feder and Umali, 1993). It is important to understand the relationship 
between these factors and the process of new technology adoption (Tiwari et al., 2008). 
 
The role of growers is critically important in the adoption of commercial BCAs and 
largely influenced by the growers’ attitudes (Adesina and Zinnah, 1993; Sadati et al., 
2010). It is strongly affected by two factors namely the socio-economic environment in 
which they are to be applied and farmers’ attitudes. Several other factors such as social, 
economic, institutional, and environmental factors are also important (Chaves and Riley, 
2001; Moser et al., 2008). 
 
This study collected data to understand how to better promote the adoption of 
commercial BCAs. Data collection focused on six topics or categories (in the 
questionnaire each section represented each topic, Appendix 10) which are considered as 
potential determinants for adoption for pest management. These topics were: 
 
i) Participants’ information (Demographics), 
ii) Economic factors, 
iii) General information about citrus farm practices, 
iv) Grower perceptions, 
v) Technology (commercial BCAs) characteristics, 
vi) Institutional factors. 
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i) Participants’ information (Demographics) 
 
Participants’ information include: age, gender, education, location, farm ownership, farm 
managing experience, and number of employees. All these factors are considered as 
variables in the discussions below. 
 
The age of a farmer influences the adoption process. In examples from the USA, in 
Georgia, the younger peanut farmer may be more knowledgeable about new technology 
and willing to take the risk to adopt IPM (McNamara et al., 1991; Sidibe, 2005). The 
older farmer in Texas has more knowledge, resources, and experience in profitable crop 
technologies and has less interest in adopting risky and complicated new technologies 
(Harper et al., 1990; Mauceri, 2004; Tiwari et al., 2008).  
 
Gender has an impact on the new technology diffusion and adoption into rural settings. A 
previous study on the adoption of Precision Livestock Farming (PLF) technologies in 
Northern Australia showed that women graziers' play an important role in technology 
diffusion and adoption into rural settings. Women use most components of online 
technology three times more often than men (Hay and Pearce, 2014). Often women 
farmers do not have equal access to resources and this significantly limits their potential 
in enhancing productivity. For example the chances of new technology adoption are 
higher in male dominated societies such as Nepal (Tiwari et al., 2008).  
 
Education is positively correlated to the technology adoption process and creates a 
favorable mental attitude for the acceptance of complex practices, or technologies 
(Waller et al., 1998; Ehler and Bottrell, 2000; Tiwari et al., 2008). Highly educated 
farmers have the ability to think analytically and adopt more agricultural technology than 
the less educated farmers.   
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Location is also important. Often technology developed in one agro-climatic condition 
may not be appropriate in another condition (Jensen et al., 1990). In this study, location is 
recorded according to the State or Territory, namely NSW, QLD, SA, TAS, VIC, WA, 
ACT and NT, and the number of respondent growers were counted in each state. 
Different States and Territories have different climatic conditions such as South Australia 
has a Mediterranean climate with cool wet winters and hot dry summers and Queensland 
has tropical and sub-tropical climates. As a result, different States and Territories have 
different insect pest problems or different biological control agents. The parasitoid 
(Aphytis melinus) of red scale is occurs widely in the inland regions of New South Wales, 
Victoria and South Australia. Another species, Aphytis lingnanensis occurs in 
Queensland (Furness et al., 1983; Papacek and Smith, 1992; Papacek, 2006; Dao, 2012).  
 
Farm ownership is considered as a variable and often land ownership has positive 
influence on new technology adoption (Daberkow and McBride, 2003). Technology 
adoption is a decision making process and farm managing experience depends on owners, 
managers or both of them or others (Sidibe, 2005; Barungi et al., 2013). 
 
The number of employees may positively or negatively influence technology adoption. 
For instance, in the United States, the greenhouse and nursery production survey showed 
that growers were more likely to use commercial BCAs when they have more full-time 
workers (Li et al., 2011).  
 
ii) Economic factors 
 
Economic factors include: farm size, crop values, pest management expenses, crop losses 
incurred and crop losses acceptable to the growers. All these factors are considered as 
variables in the discussions below.  
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Farm size is positively or negatively correlated with the adoption of new technology. For 
instance, in the California citrus growers’ survey (2010), growers were more likely to use 
commercial BCAs when they have large citrus farms (Li et al., 2011; Grogan and 
Goodhue, 2012). 
 
Often gross sales of crops are considered as a variable and have positive influence on new 
technology adoption. In the United States, for example, the Midwest greenhouse survey 
showed that commercial BCA users have higher gross sales of crops than non-users of 
commercial BCAs (Wawrzynski et al., 2001). 
 
Pest management expenses especially higher pesticide costs, pushes farmers to find 
alternatives, and helps them to adopt a new technology such as IPM. The benefits and 
costs of different pest management strategies have an impact on pest management 
decisions (Williamson et al., 2003). 
 
Reduced crop losses encouraged growers to adopt commercial BCAs into their crop 
management. The use of commercial BCAs in IPM programs in strawberry production 
has increased farmers’ income and yields or remained the same (Moser et al., 2008). Crop 
losses are also an important factor because the adoption of commercial BCAs is related to 
the levels of losses that are acceptable to the growers. 
 
iii) General information about citrus farm practices 
 
General information about citrus farm practices include: crop varieties, market 
destination, intercropping, cover crops, IPM tools, economic threshold measurement, use 
of pesticides, use of commercial BCAs, monitoring biological control agents and 
decision maker. All these factors are considered as variables in the discussions below. 
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Crop variety was considered by growers. Some do not consider adopting capital-, or 
labor-intensive technology for low value crops for example when growers are supplying 
fruit for processing (Kaine and Bewsell, 2008). Conversely, a previous study reported 
that growers were willing to adopt IPM on high value crops or even in the same crop 
where yields are higher such as rice farmers in Texas (Herbert, 1995).  
 
Market destination also influenced growers to adopt commercial BCAs. Different 
markets have different pricing and require different qualities especially in fresh products 
so the price difference can be very large (Urquhart, 1999). For instance, often fresh 
market fruit is not allowed the same level of damage, especially cosmetic damage, as 
fruit for processing (Kaine and Bewsell, 2008). 
 
Intercropping is also considered as a variable in this study because intercropping systems 
have an ability to reduce the incidence of pests and diseases (Lithourgidis et al., 2011). 
Cover crops can enhance a wide range of beneficial insects that attack vineyard pests 
such as spider mite and leafhopper populations in grapes (English-Loeb et al., 2003; Irvin 
and Hoddle, 2015). 
 
IPM tools, or a group of techniques such as cultural practices, conservation biological 
control, augmentative biological control, monitoring, chemical control and insect traps  
were used in this study to identify how many IPM tools farmers used for pest 
management. A previous study reported that economic thresholds and monitoring are 
essential components, or a prerequisite to practicing IPM (Lockeretz, 1991). The 
economic thresholds (developed as the population density at which control measures 
should be started to prevent an increasing pest population from reaching the economic 
injury levels) enhance growers’ decision-making process (Bueno et al., 2011). Therefore, 
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economic thresholds and monitoring biological control agents were considered as 
variables in this study. To monitor biological control agents, 5-point Likert-type scaled 
(Never-Always) questions were used. 
 
Use of pesticides and commercial BCAs were considered as variables and were identified 
according to their type (broad spectrum or selective pesticides and different species of 
commercial BCAs), application frequencies, and targeted pests and diseases. 
 
Decision making is a social process which can be influenced by the personality of the 
decision maker, their social networks, personal circumstances and family situation. 
(Pannell et al., 2006). The decision maker (who made decisions for pest management) 
had significant influence in the adoption of new technology. Often farmers made 
misleading decisions based on a prior belief, not on the true probabilities (Mazzocco et 
al., 1992).   
 
iv) Grower perceptions 
 
In the past some researchers found that grower perceptions have a significant influence 
on adoption decisions (Adesina and Zinnah, 1993; Hammond et al., 2006). Therefore, the 
5-point Likert-type scaled questions were used to measure growers’ views by asking 
whether they agree or disagree with several questions. Each Likert-type scaled question 
had several statements (items). These questions were: requirements for IPM practices, 
pesticide use, effects of insecticides on biological control agents, pesticide application 
strategies, why they do not use commercial BCAs, what influence takes place on decision 
making process, why they use commercial BCAs and non-user attitudes towards 
commercial BCAs. 
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v) Technology (commercial BCAs) characteristics 
 
Technology characteristics are important in the adoption of new technology and often 
technology complexity has a significant influence on the speed of adoption (Batz et al., 
1999; Pannell et al., 2006). In this study, technology characteristics were measured by 
using one 5-point Likert-type scaled question for the complexity of commercial BCAs in 
pest management. Another binary (YES/NO) question was asked about the time lag 
between chemical application and the application of commercial BCAs.  
 
vi) Institutional factors 
 
Institutional factors include sources of information and organisational help. All these 
factors are considered as variables in the discussions below.  
 
Many studies concluded that reliable information is one of the important factors which 
were significantly associated with the adoption of IPM (Llewellyn, 2006; Samiee et al., 
2009; Shojaei et al., 2013). The source of information is very important including 
workshops, field days, pamphlets and other farmers.  
 
Organisational help such as extension services include promoting modern agricultural 
technologies. They are able to create a platform for acquisition of relevant information 
and change farmers’ perception of risk associated with a technology’s performance 
(Akudugu et al., 2012; Bonabana-Wabbi and Taylor, 2012). In this study, organisational 
help was measured by using 5-point Likert-type scaled question. 
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In this study the questionnaire was sent to all citrus growers after preliminary 
consideration of responses from nine growers. The six topics of determinants were 
considered by responses from the questionnaire returned (Chapter 6). 
 
One fundamental limitation was that this survey does not permit an analysis of the 
dynamics or changing aspects of commercial BCA adoption. It collected cross-section 
data on commercial BCA user and non-user citrus growers. This survey does not show 
the characteristics of the same growers before and after they adopted commercial BCAs. 
Due to time constraints, it was not possible to follow the same grower over a period of 
time. 
 
3.4.3 A results report (Objectives 1, 2 and 3) that was used 
for stakeholder feedback   
 
Participants’ feedback reported in Chapter 8 
In Objective 4 (Figure 3.2) a report summarising the results from Objectives 1, 2, and 3 
were sent to the interviewees who had been previously interviewed to get feedback from 
them. A summary of the results and the feedback from the participants helped to 
understand how interrelated variables affect one another and together developed the joint 
construction of the critical components of the commercial BCA adoption system. Then 
based on these final results, recommendations and overall conclusions were developed 
from this research. 
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Chapter 4: Insectary owners’ interviews 
 
Integrated pest management (IPM) involves multiple coordinated strategies or tools to 
control pests and augmentative biological control is one of them. It was important to first 
focus on the insectary owners who produce commercial BCAs and their stakeholders to 
better understand the commercial insectary industry and its lack of growth. 
 
This Chapter addresses the specific Objective 1 (Chapters 1 and 3, Figure 3.2): 
 
To identify the factors which may hinder the Australian insectary industry’s 
growth or be necessary for its expansion from the perspectives of the insectary 
owners? 
 
To address this Objective 1 the author interviewed all of the Australian commercial 
insectary owners that were members of the Australasian Biological Control Association 
Inc. (www.goodbugs.org.au) because insectary owners are the key informants of this 
industry. The chapter identified the insectary owners’ perspective which uncovered the 
fundamental barriers in production, marketing and distribution of commercial BCAs in 
Australia. This chapter also identified the major drivers that influence the Australian pest 
control market. 
 
4.1 Introduction  
 
The adoption of commercial BCAs are largely dependent on the insectary industry 
because this industry is the major source of commercial BCAs (O'Neil and Obrycki, 
2009). The success and failure of this industry was also dependent on different factors 
which influenced the activities of the individuals and institutions engaged in commercial 
BCA production and release (Warner and Getz, 2008). To understand these factors, it is 
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essential to study the commercial insectary industry. This helps to assess the potential and 
long-term sustainability of augmentative biological control as a pest management strategy 
in IPM (Warner and Getz, 2008; Cock et al., 2010). 
 
In Australia, the first commercial insectary (Biological Services Inc.) was established in 
1971 at Loxton, South Australia. This insectary was operated by R.S. George and he was 
the pioneer of the Australian commercial insectary industry (Furness et al., 1983). This 
industry is not expanding at the same rate as those in Europe and the USA. After four 
decades only seven insectary companies produced commercial BCAs in 2011 for the 
Australian market (www.goodbugs.org.au).  
 
4.2 Methods   
 
During 2011, nine commercial insectary owners (9) were interviewed, including seven 
that were operating commercial insectaries in 2011 and two whose insectaries are no 
longer in commercial production in Australia. Interviews were conducted by the author. 
Ethics approval was granted by the University of Sydney Human Research Ethics 
Committee before the interviews commenced (Approval protocol No: 13278, 14th 
December 2010). Participation was entirely voluntary and all owners agreed to be 
interviewed. They were identified from the membership list of the Australasian Biological 
Control Association Inc. (www.goodbugs.org.au). The author did not attempt to include 
other people who are not members of this association who may be rearing biological 
control agents.  
 
Each insectary owner was invited to participate by telephone or email. Motivation to 
participate was stimulated by emphasising the relevance of the study to the future 
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directions of each individual business and the industry as a whole. Each contact was brief 
and personalised and they were informed that aggregated research results will be made 
available to them to assist with their business or policy objectives. Before conducting the 
interviews each respondent received a Participant Information Statement (PIS), consent 
form and cover letter (Appendix 1). Maintaining anonymity was difficult due to the small 
size of the industry but was achieved through de-identification and data aggregation. 
 
Nine semi-structured interviews were conducted, seven in person (face-to-face) and two 
by telephone because the insectaries were located a long distance away from Sydney. In 
these interviews, the interviewer guided a conversation based on a flexibly applied 
interview protocol. Initial questions were broad and open-ended to elicit key issues that 
were important to respondents, with follow-up or probing questions seeking detail on the 
issues raised and those of importance to the study. An interview pro-forma (Appendix 7) 
was developed based on areas which included the history of the owners’ involvement in 
the industry and their opinions about the social, political, biological and technical barriers 
facing the industry. Quantitative data were collected on the economic situation of the 
companies such as set up costs, products, customers and sales. Pilot interviews were 
conducted to refine the protocol prior to conducting formal interviews on the population 
of nine insectary owners.          
 
The interviews were recorded (audiotaped), with an average length of 99 minutes, and 
then interview responses were transcribed using Express Scribe software (Express Scribe 
v 5.55© NCH). Before analysis, the transcribed text of the appropriate interview was sent 
to each insectary owner for approval. If necessary a follow-up telephone call or email was 
made. The Good Bug Book (Llewellyn et al., 2002)  or website (www.goodbugs.org.au) 
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was checked to clarify the interview responses and to gather further information such as 
products name, target pests and crops.   
 
Analysis of insectary owners’ interviews        
 
During the process of conducting and transcribing the interviews, themes emerged from 
the data that informed the analysis. These themes were further developed and added to 
during and after the process of coding the transcriptions. Transcribed text data were coded 
using NVivo 10.0 text analysis software. In this process, structural coding was used 
(Namey et al., 2008). The interview pro-forma (Appendix 7) was topic-based with 
questions grouped into different topics of inquiry namely: 
 
1. General information,  
2. Products and services, 
3. Customers, 
4. Company at present, 
5. Company in future, 
6. The Australian insectary industry.  
 
According to the structural coding each topic was coded as: GINFO for General 
information, PRO-SER for Products and services, CUS for Customers, C-PRESENT for 
Company at present, C-FUTURE for Company in future and A-IINDUSTRY for The 
Australian insectary industry. Within a topic each question was given a code name which 
contained a prefix for the topic and an identifier for the question such as: 
GINFO_involvement, PRO-SER_major pro and ser, CUS_customers’ list, C-
PRESENT_set-up cost, C-FUTURE_optimistic and A-IINDUSTRY_expansion. The full 
list of these codes appears in Table 4.1 under the headings: General information, Products 
and services, Customers, Company at present, Company in future and the Australian 
insectary industry. 
66 
 
   Table 4.1: Interview code (node in NVivo) descriptions. Six topic codes and each topic code   
   has a group of question codes. 
 
Code  Code descriptions 
1. Code: GINFO General information 
GINFO_involvement Insectary owners’ involvement in this industry. 
GINFO_present condition How insectary owners get to the present condition. 
GINFO_difficulties Difficulties faced to establish this company. 
GINFO_overcome How they overcame difficulties when they established an 
insectary company. 
GINFO_location Is location important for set-up of an insectary? 
GINFO_decision How they made the decision to establish an insectary? 
GINFO_background Insectary owners’ background. 
GINFO_hope What they hope to achieve from the insectary business. 
GINFO_goals Specific goals or objectives from the insectary. 
2. Code: PRO-SER Products and services 
PRO-SER_major pro and ser Major products and services. 
PRO-SER_product list changed Product list has changed over the years. 
PRO-SER_start new one Bring a new species to the market. 
PRO-SER_product get Insectary owners retail other products or not. 
PRO-SER_rearing Commercial BCAs reared onsite or not?  
PRO-SER_best seller Best selling products. 
PRO-SER_sales activities Sales activity by product volume. 
PRO-SER_services Other services provided to the customers. 
3. Code: CUS Customers 
CUS_customers’ list  Customers’ list by total, percentage or industry segments. 
CUS_important customers’ needs Important customers and their needs. 
CUS_agri and others Products sold to agriculture and other areas. 
CUS_product shipment Products sent to customers outside Australia or not. 
CUS_bca use pest Customers use commercial BCAs for which pest. 
CUS_cus list increasing or 
decreasing 
Customers’ list increasing or decreasing over the last ten 
years. 
CUS_switch ipm Factors that influence customers to switch from conventional 
control methods to IPM. 
CUS_evaluate How they evaluate these factors. 
CUS_land use Record keeping about the land areas treated with commercial 
BCAs. 
CUS_marketing strategies Marketing strategies to promote product sales. 
4. Code: C-PRESENT Company at present 
C-PRESENT_set-up cost Company establishment costs (up-front cost). 
C-PRESENT_employees Full-time and part-time employees. 
C-PRESENT_gross sales Estimated gross sales.  
C-PRESENT_costs and sales compare Compared costs and sales. 
C-PRESENT_factors Factors favouring commercial BCAs or increased commercial 
BCAs sales. 
C-PRESENT_GM crops Impact of GM crops on business. 
C-PRESENT_barriers Main barriers for this industry. 
C-PRESENT_quality Product quality and customers’ perception about quality. 
C-PRESENT_guidelines Do insectary owners follow national and international 
guidelines? 
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Code  Code descriptions 
C-PRESENT_research Do insectary owners work with researchers to maintain 
product quality? 
C-PRESENT_memberships Memberships with different associations.  
5. Code: C-FUTURE Company in future 
C-FUTURE_optimistic Insectary owners’ optimism about their company. 
C-FUTURE_future research Insectary owners' future research for a new commercial BCA. 
C-FUTURE_critical decisions Insectary owners’ future critical decisions. 
6. Code:A-IINDUSTRY The Australian insectary industry 
A-IINDUSTRY_expansion Factors that affect expansion of the Australian insectary 
industry. 
A-IINDUSTRY_opportunities Opportunities exist for public policies that favour commercial 
BCAs as alternatives to pesticides. 
A-IINDUSTRY_current rules Impact of current rules on the expansion of this industry. 
A-IINDUSTRY_tandem use pesticides Opinion about the tandem use of selective pesticides in IPM. 
 
 
This coding was used to generate NVivo queries which were used to interrogate the data 
and formed the basis for further analysis and interpretation. The coded data were then 
categorised or classified according to emerging themes where the meaning of responses 
was consistent and unambiguous. Through this process, all examples of each theme were 
pulled together so that the results could be interpreted for that theme.  
 
All quantitative data were analysed using total values because the total population was 
only nine and the whole population was interviewed. Some questions were not relevant to 
all the insectary owners because one insectary had closed down recently (in 2010) after 
ten years of operation and another does not produce insects on a commercial scale.  
 
4.3 Results  
 
The results of the analysis of the interview responses are given below under the five key 
themes and these themes became the sub-headings for the results (Table 4.2). The results 
were updated where relevant. 
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Table 4.2: Five themes identified from analysis of interviews with insectary owners. 
Themes Name of the Theme 
4.3.1 History of the Australian commercial insectary industry. 
4.3.2 Current status of the Australian insectary industry. 
4.3.2.1. Products and services. 
4.3.2.2. Industry size. 
4.3.2.3. Who purchases commercial BCAs in Australia? 
4.3.2.4. Quality control of commercial BCAs in Australia. 
4.3.2.5 Marketing of commercial BCAs in Australia. 
4.3.3 Main barriers in Australian insectary industry. 
4.3.4 Main driving factors in Australian commercial BCAs’ market. 
4.3.5 Opinion and recommendations by the Australian insectary owners. 
 
 
4.3.1 History of the Australian commercial insectary 
industry 
 
Interviews with insectary owners confirmed that the first commercial insectary company 
was established in 1971 at Loxton, South Australia. Initially, this company produced only 
the parasitoid wasp Aphytis melinus DeBach (Hymenoptera: Aphelinidae) to control red 
scales Aonidiella aurantii (Maskell) (Hemiptera: Diaspididae) in citrus crops. The second 
commercial insectary company was established in 1981 in Queensland and initially 
produced another species of parasitoid wasp, Aphytis lingnanensis Compere 
(Hymenoptera: Aphelinidae) to control red scales in citrus crops. The two different 
Aphytis species that are successful in South Australia and Queensland relates to the 
different climatic conditions in these two parts of Australia. These two companies are still 
operating and produce several other commercial BCAs and other IPM products. There 
have been no further companies established based on Aphytis spp. since 1981. 
 
The development of pesticide resistance in two-spotted spider mites Tetranychus urticae 
Koch (Acari: Tetranychidae) emerged during the early 1970s (Unwin, 1973; Edge and 
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James, 1982, 1986; Herron et al., 2001). This provided an opportunity for the expansion 
of the industry. In 1981 a company was established in Victoria which produced 
Phytoseiulus persimilis Athias-Henriot (Acari: Phytoseiidae), a predatory mite for the 
control of two-spotted spider mites, T. urticae in different crops. That company closed in 
1997 but six new companies were established during the period 1991–2001 in three 
different states, five which produced commercial BCAs and the remaining one did not. 
Three of the five new companies initially produced P. persimilis to control two-spotted 
spider mites. The climatic conditions in the states other than Victoria were more 
favourable in producing the P. persimilis commercial BCA. Among the remaining two 
one produced nematode biological control agents and another produced parasitoid wasps. 
This expansion of the insectary industry was primarily based on one commercial BCA, P. 
persimilis, which was the only available agent effective against the two-spotted spider 
mite during that time. Another new company producing P. persimilis was established in 
2002 bringing the total to eight excluding one that did not produce commercially, but this 
became seven in 2010 when a company, also producing P. persimilis, was closed (Figure 
4.1). No new insectaries have been established since 2002. In 2011 seven insectaries 
produced commercial BCAs commercially. By 2014, only five companies mass reared 
commercial BCAs in Australia because in that year, two of the small companies merged 
with the two bigger companies (www.biologicalservices.com.au/history.html; Bugs for 
Bugs, 2015). This result showed that the Australian commercial insectary industry was 
started with the production of Aphytis spp. for citrus pests. Then it was expanded based 
on P. persimilis to control two-spotted spider mite reaching eight insectaries (excluding 
one that did not mass-rear) in 2002. After this expansion, the industry became static. One 
insectary closed and two others combined with larger ones to give a total of five in 2014 
(www.biologicalservices.com.au/history.html; Bugs for Bugs, 2015).   
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Figure 4.1: Australian commercial insectary companies from 1971–2011 and 2014. Updated 
from the Bugs for Bugs and the Biological Services websites 
(www.biologicalservices.com.au/history.html; Bugs for Bugs, 2015). 
 
It was clear from the interviews that the establishment of a new company is very 
challenging. One insectary owner stated: 
         
“…we had many things to learn about how to breed insects that we didn't know 
enough about at the start. We needed to also get equipment together and make all 
of our own equipment, also train people and understand ourselves how best to 
optimise the production systems.” 
 
Seven insectary owners became involved in this industry through employment with an 
established insectary or other organisations, with two finding the work completely 
fascinating. Thus operating an insectary is a very specialised business which requires a 
high level of personal commitment and extensive training and experience.  
 
4.3.2 Current status of the Australian insectary industry  
 
This section presents results mainly on the basis of 2011 interviews that were conducted 
with the Australian insectary company owners. This section describes results of seven 
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insectary owners who were all male and mass rearing commercial BCAs. These results 
were updated where relevant. To determine the current status of the Australian insectary 
industry this study identified five sub-themes (Table 4.2). These are discussed below: 
 
4.3.2.1 Products and services    
 
Seven Australian insectary companies produced commercial BCAs for pest control in 
2011. Two insectaries (insectaries 1 and 2) primarily produced commercial BCAs for 
citrus pest (red scale pests) (Table 4.3). These two insectaries also produced multiple 
(more than ten species) commercial BCAs for different crops and have several major 
products. More than half of the insectaries (insectaries 3, 5, 6 and 7) produced one to 
three commercial BCAs and three of them (insectaries 3, 5 and 6) have produced only one 
product for the last 10–20 years. Three of them (insectaries 3, 5 and 7) produced the same 
species of commercial BCA (P. persimilis) for two-spotted spider mite pest and mainly 
focused on the same crops. The remaining one (insectary 4) focused on nematode 
commercial BCAs and produced six species of nematodes (Table 4.3). This result shows 
that market competition exists in the Australian commercial BCAs market because the 
same species is produced by several companies and they serve the same customers. This 
industry is entirely domestic and the market is not big enough. 
 
The Australian commercial insectary companies produce 31 species of commercial BCAs 
in 2011 (Table 4.4). All produce arthropod commercial BCAs except one which produces 
only nematode commercial BCAs. Only two companies produced most of the commercial 
BCAs. The most widely used commercial BCA in the Australian market is Neoseilus 
cucumeris (Oudemans) (Acarina: Phytoseiidae) (total production, 1333 million mites per 
year) in 2011. The second and third products sold are Aphytis (total production, 554 
million wasps per year) and P. persimilis (total production, 133 million mites per year). 
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During the period 1975–2010, several other commercial BCAs were introduced and then 
discontinued from the Australian market. For example, Orgilus lepidus Muesebeck, 
(Hymenoptera: Braconidae) (Potato tuber moth parasitoid) was introduced in 1998 but 
after two years it was discontinued. Discontinued agents were not included in this 
analysis because the insectary owners were not able to give detailed data about them.   
 
Table 4.3: The Australian insectaries producing commercial BCAs in 2011 and their use in 
Australia. The Good Bug Book (Llewellyn et al., 2002) and (www.goodbugs.org.au) website were 
also consulted for this result.  
  
Insectary 
companies 
Commercial BCAs 
produced 
Target pests Target crops 
Insectary 1 
 
Multiple species of wasps, 
mites and beetle:   
Aphelinus abdominalis 
 
Greenhouse aphids, (green peach, 
potato, and foxglove). 
 
Flowers/ornamentals, greenhouse  
capsicums and eggplants. 
Aphidius  colemani Aphids (green peach and melons). Flowers/ornamentals, greenhouse 
cucumbers and melons. 
Aphytis melinus Red scale.  Citrus. 
Dalotia (Atheta) coriaria Fungus gnat, onion thrips, 
Western flower thrips. 
Flowers/ornamentals, greenhouse 
cucumbers, eggplants, capsicums 
and tomatoes. 
Encarsia formosa Silverleaf whitefly, greenhouse 
whitefly. 
Flowers/ornamentals, greenhouse 
cucumbers, and capsicums. 
Eretmocerus warrae Greenhouse whitefly. Berry fruit, flowers/ ornamentals, 
greenhouse cucumbers, capsicums, 
eggplants, tomatoes and 
strawberries. 
Hypoaspis aculeifer Bulb mite, chicken mite, onion 
thrips, Western flower thrips and 
Fungus gnat. 
Nursery. 
Neoseiulus cucumeris Broad mite, onion thrips, western 
flower and Plague thrips. 
Flowers/ornamentals, greenhouse 
cucumbers, eggplants, capsicums, 
tomatoes, strawberries. 
Neoseiulus wearnei  
(=N. californicus) 
Bean red spider mite, Broad mite, 
Two spotted spider mite. 
Berry fruit, flowers/ ornamentals, 
greenhouse cucumbers, capsicums, 
eggplants, tomatoes, strawberries. 
Phytoseiulus persimilis Two-spotted spider mite and bean 
red spider mite. 
Strawberries, berry fruit, flowers 
/ornamentals, greenhouse tomatoes, 
capsicums, and eggplants. 
Stratiolaelaps scimitus Fangus gnat, sciarid flies, shore 
flies, various thrips and soil 
pests. 
Nursery herbs. 
Snakes/Reptiles. 
Typhlodromus occidentalis Two spotted spider mite. Nursery tree crops. 
Insectary 2 
 
 
 
 
 
Multiple species of wasps, 
beetles, lacewings and  mites: 
Aphytis lingnanensis 
 
Red scale and other armoured 
scaled insects, (oriental and 
oleander scales). 
 
Citrus, passionfruit, olives, 
walnuts and roses, ornamentals 
such as palms and farns. 
Leptomastix dactylopii Mealybug. Citrus. 
 
Spalangia endius 
Certain fly (such as house flies and 
stable flies). 
In any areas where flies are pests. 
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Insectary 
companies 
Commercial BCAs 
produced 
Target pests Target crops 
 Trichogramma pretiosum 
 
Heliothis, Cabbage moth 
(diamondback moth), European 
corn borer, corn earworm and 
cabbage looper,  
Cotton, citrus, sweet corn, 
cabbage, tomato and tobacco. 
Trichogramma carverae 
 
Codling moth, Oriental fruit moth, 
light brown apple moth and fruit 
stem borer (pecan stem girdler).  
Tomatoes, capsicum, French 
beans, cut flowers, lettuce, pears, 
strawberries, grapes and apples. 
Typhlodromips montdorensis Thrips (onion, tomatoes, melon 
and western flower), greenhouse 
whitefly and Silverleaf whitefly.  
Gerbera, strawberry, 
chrysanthemum, and cucumber. 
Chilocorus circumdatus 
Chilocorus baileyi 
Red scale, Oriental scale, Oleander 
scale, and white louse scale. 
Used in enclosed and in orchard 
situations. 
Cryptolaemus  montrouzieri 
 
Mealybugs, Pulvinaria scales, 
cottony cushion scale and soft 
scales.  
Orchards and vineyards, indoor 
and glasshouse plants. ornamental 
plants and flower buds  
Chrysoperla rufilabris Whiteflies, mealybugs, mites, small 
caterpillars/larvae, green apple and 
brown citrus aphids, and thrips. 
Citrus, greenhouses, fields, 
interior scapes, orchards, and 
gardens 
 
Mallada signata 
Aphids (various species), Two- 
spotted mite, greenhouse whitefly, 
scales (various species), moth eggs, 
 mealybugs and small caterpillars. 
Greenhouses, tree and shrub 
crops. 
Insectary 3 
 
Single species of mite: 
Phytoseiulus persimilis 
Two-spotted spider mite and bean 
red spider mite. 
Strawberries, cut flowers and 
gardens. 
Insectary 4 Six species of nematodes: 
Deladenus siricidicola 
(=Beddinggiasiricidicola) 
 
 
Sirex Wasp. 
 
 
Forestry. 
Heterorhabditis zealandica Argentine scarab African black 
beetles, Argentine stem weevil, 
Red-headed cockchafer and black-
headed cockchafer. 
Pastures, and turfs 
 
Heterorhabditis bacteriophora Black vine weevils. Nurseries. 
Rhabditis necromena Portuguese millipedes. Urban and semi-rural areas. 
Steinernema carpocapsae Armyworm/ cut worm, fleas and 
termite.  
Farm, backyards and garden. 
 
Steinernema feltiae 
 
Fungus gnat. 
Horticulture industries, nurseries, 
the University research facilities, 
Department of Agriculture, AQIS 
and DPI. 
Insectary 5 Single species of mite: 
Phytoseiulus persimilis 
Two-spotted spider mite and bean 
red spider mite. 
Strawberries, raspberries and cut 
flowers/ornamentals. 
Insectary 6 Single species of wasp: 
Trichogrammatoidea 
cryptophlebiae 
Macadamia nut borer. Macadamias, lychees and 
longons.   
Insectary 7 Three species of mites and 
bug:  
Phytoseiulus persimilis 
 
 
 
Two-spotted spider mite, and bean 
red spider mite 
Strawberries, berry fruit, flowers/ 
ornamentals, greenhouse tomatoes 
cucumbers, capsicums, eggplants 
and melons. 
Neoseiulus cucumeris Broad mite, onion thrips, western 
flower and Plague thrips. 
Flowers/ornamentals, greenhouse 
cucumbers, eggplants, capsicums, 
tomatoes and strawberries. 
Orius amatus Onion thrips, Western flower 
thrips. 
Strawberries, flowers/ornamentals, 
greenhouse cucumbers, and 
eggplants. 
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Table 4.4: Thirty-one commercial BCAs were available in 2011 and the year of which 
commercial BCAs production started in Australia.  
 
Species Name Orders Taxonomic groups Year  of first 
production 
Aphelinus abdominalis 
Aphidius colemani 
Aphytis melinus 
Aphytis lingnanensis 
Encarsia formosa 
Eretmocerus warrae 
Leptomastix dactylopii 
Spalangia endius 
Trichogramma pretiosum 
Trichogramma carverae  
Trichogrammatoidea cryptophlebiae 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
Hymenoptera 
 
 
 
Hymenoptera 
(11 wasp species) 
2010 
2003 
1975 
1979 
1992 
2010 
1982 
2010 
1995 
1990 
2000 
Hypoaspis aculeifer 
Neoseiulus cucumeris 
Neoseiulus wearnei (=N. californicus) 
Phytoseiulus persimilis 
Stratiolaelaps scimitus 
Typhlodromus occidentalis 
Typhlodromips montdorensis 
Mesostigmata 
Mesostigmata 
Mesostigmata 
Mesostigmata 
Mesostigmata 
Mesostigmata 
Mesostigmata 
 
Acari or Acarina 
(7 mite species) 
2001 
2003 
2010 
1984 
1998 
1988 
2008 
Chilocorus circumdatus 
Chilocorus baileyi 
Cryptolaemus  montrouzieri 
Dalotia (Atheta) coriaria 
Coleoptera 
Coleoptera 
Coleoptera 
Coleoptera 
 
Coleoptera 
(4 beetle species) 
1985 
1989 
1982 
2003 
Chrysoperla rufilabris 
Mallada signata 
Neuroptera 
Neuroptera 
Neuroptera 
(2 lacewing species) 
1995 
1993 
Orius amatus Hemiptera Hemiptera 
(1 bug species) 
2010 
Deladenus siricidicola (=Beddinggia 
siricidicola) 
Heterorhabditis zealandica 
Heterorhabditis bacteriophora 
Rhabditis necromena 
Steinernema carpocapsae 
Steinernema feltiae 
Tylenchida 
 
Rhabditida 
Rhabditida 
Rhabditida 
Rhabditida 
Rhabditida 
 
Nematoda 
(6 nematode species) 
1993 
 
1999 
1981 
2009 
1993 
1983 
 
 
During the period 2011–2014 (after completion of the interviews) five new species of 
commercial BCAs were introduced into the Australian biocontrol market and the total 
number of species was 36. New species are: 
 
1. Eretmocerus hayati (Hymenoptera) for Silverleaf whitefly, 
2. Aphidius ervi (Hymenoptera) for Potato aphids, 
3. Diadegma semiclausum (Hymenoptera) for Diamond back moth, 
4. Hypoaspis miles (Mesostigmata) for Fungus gnat, 
5. Nesidiocoris tenuis (Hemiptera) for Silverleaf whitefly. 
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This result shows that most of the commercial BCAs are produced by two large 
companies. Only three products are best sellers (selling a higher volume of products) in 
2011. Over 40 years several commercial BCAs were introduced and discontinued in this 
market which indicates that this market is not stable.      
 
The Australian commercial BCAs originated from six taxonomic groups. Hymenoptera 
(wasps) provides the majority of agents, followed by Acari (mites) Nematoda 
(nematodes), Coleoptera (beetles), Neuroptera (lacewings) and Hemiptera (bugs) 
respectively (Figure 4.2).   
 
All the Australian insectary companies produce their products on-site. They sell their own 
products only. Initially they also sold products from other insectaries. They used to 
provide monitoring and consultancy services to growers but currently, the majority of 
them (5/7) do not. A few of them (2/7) have other IPM-related products for sale in 
addition to commercial BCAs. This result shows that initially when all the insectary 
companies were small all of them gave monitoring and consultancy services.  
 
4.3.2.2 Industry size   
 
This study attempted to describe the size of the industry in the following ways: number of 
people employed, gross sales, volume of insect production, crop area under commercial 
BCAs. 
 
In terms of the employment of people including the seven insectary owners which were 
operational in 2011, there were only 43 full-time and about seven part-time people 
working in the entire industry with the number of part-time people varying with the 
season. The majority of the Australian companies (5/7) had 1–6 full-time people and only 
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a few companies (2/7) employed more than ten people. The number of employees in the 
Australian insectary industry is very small.  
 
The economic size of the Australian industry was measured by gross sales. The majority 
of the insectary owners (4/7) reported that their estimated gross sales were less than 
AUD$500,000 for the 2010–2011 financial year.  A few of them (3/7) said that estimated 
gross sales were more than AUD$800,000. The estimated gross sales of Australian 
commercial BCAs produced by seven insectary companies were AUD$5–7 million for 
the 2010–2011 financial year. Thus the economic size of this industry was very small.  
In terms of the volume of production the industry is growing. The majority of the 
insectary owners (6/7) said that their turnover has increased. A few of them (3/7) 
explained that the existing clients have an increasing agricultural farm size and are 
producing more crops so a greater volume of commercial BCAs is needed to keep pace 
with this growth. This result shows that even though the turnover is increasing, this is due 
to the same clients buying more commercial BCAs, rather than an increasing number of 
clients.  
 
It would be useful for insectary business expansion to keep records of the land areas 
treated with mass reared commercial BCAs. The majority of the insectary owners (5/7) 
however thought it was too difficult to keep such records because they supply such a wide 
range of customers and the agents are used in a wide range of situations. One insectary 
owner reported that they can easily get that information from chemical companies. Some 
gave estimated values. This aspect of record keeping is clearly difficult or less important 
to them for their business. 
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4.3.2.3. Who purchases commercial BCAs in Australia? 
          
It is important to know the customers for commercial BCAs. According to the seven 
insectary owners approximately 4500 clients (growers and other consumers) use 
commercial BCAs in 2011 in Australia and 99% of their products go to horticultural 
crops (apples, blueberries, citrus, macadamias, pears, stone fruits, strawberries, 
ornamental nurseries and vegetable crops) for pest control with 1% used for other 
purposes such as domestic, forest, pasture pest control or research.  Thus this industry is 
horticulture based. 
 
A few of the insectary owners (3/7) noted that organic growers were very small users of 
commercial BCAs. They said that organic growers depend on organically registered 
pesticides. Insectary owners also believed that most of these pesticides are not safe for 
beneficial insects and some pesticides are very disruptive to these insects. This reveals 
that organic growers are mostly non-users of commercial BCAs.  
 
The Australian insectary industry does not currently export commercial BCAs. 
Biosecurity is a big issue in Australia as well as overseas and biological control agents are 
highly perishable. The majority of the insectary owners reported that delays in the supply 
chain cause deterioration of agent quality. Previously some of the insectary owners did 
export their products to Europe, New Zealand and South Africa. Only a few insectary 
owners (2/7) shipped their products overseas for research purposes. Thus the Australian 
insectary industry is based almost entirely on the domestic market.  
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4.3.2.4 Quality control of commercial BCAs in Australia 
 
Product quality and quality control is an important issue for this business. To maintain 
product quality most of the insectary owners (4/7) followed the International Organisation 
for Biological Control (IOBC) guidelines as well as their own guidelines. Other insectary 
owners (3/7) followed only their own guidelines because of the local weather conditions 
and facilities. They also said that if they did not have good guidelines then their business 
would fail. Insectary owners addressed quality control by good communication with 
customers and visiting most of the growers that they supply with commercial BCAs to 
check product quality. Some of them (3/7) said that they re-established colonies from 
field collections after agents were released. Two others (2/7) measured biological 
characteristics they considered indicative of product quality such as fecundity, longevity, 
flight dispersal, and sex ratios. They all have contact with universities or State 
Departments of Agriculture or CSIRO researchers who are involved in biological control 
research. They aimed to produce not only high quality commercial BCAs but also 
sufficient quantities to be able to supply customers during seasonal peaks in demand. This 
result showed that the Australian insectary owners followed IOBC and their own 
guidelines to maintain product quality.  
 
4.3.2.5 Marketing of commercial BCAs in Australia 
 
Advertisement or promotion of any business is important. All insectary owners have their 
own website and they believed that the website is effective for advertising and promoting 
the sale of commercial BCAs. They also formed an association called ‘The Australasian 
Biological Control Association Inc.’ which has its own website with links to individual 
insectaries. They advertise through crop specific magazines, newsletters, field days, radio 
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programs, mail outs, attendance at relevant crop seminars and make direct contact with 
the growers. A few of them (2/7) showed a negative attitude towards advertising through 
horticultural magazines. Most of the insectary owners (4/7) said that advertising is very 
expensive for them. The insectary owners made contact with the main research 
organisations, extension officers and crop consultants. Most of them are members of the 
IOBC, the Australian Entomological Society, related crop associations or crop consultant 
associations. 
 
4.3.3 Main barriers in Australian insectary industry 
 
This section presents results of all nine insectary owners’ interviews. To establish an 
insectary company, owners had to face many barriers such as up-front cost, and a lack of 
knowledge and experience. All insectary owners (9/9) said the up-front cost of insectary 
set-up is as a major barrier to the industry. They gave an estimated dollar amount that was 
invested up-front to set-up their insectaries (Table 4.5). In addition, all insectary owners 
mentioned that was just an initial investment and the businesses needed some running 
costs. One of them reported:  
 
“Well, it was a new insectary so we had no customers, no money and no products. 
So set-up cost of a new insectary is one of the major barriers”. 
 
Table 4.5: The up-front cost of a new insectary by Australian owners (estimated dollar amounts). 
Dollar amounts  No. of insectary owners 
Less than AUD$100 thousand 1 
AUD$100 thousand to  AUD$499 thousands  4 
AUD$500 thousands to AUD$1 million 2 
More than AUD$1 million 2 
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The insectary owners also reported that knowledge and experience were key components 
of insectary establishment. One of them reported: 
 
“I don’t think it is the sort of industry that lends it to ‘just saying here is a large 
sum of money just go and build an insectary’ because you need knowledge and 
knowledge is not always easy to get within a short period of time”. 
 
The majority of the insectary owners (8/9) had strong academic backgrounds in 
entomology and the remaining owner had extensive work experience in this area. All had 
faced many difficulties in establishing and maintaining their businesses, including 
problems with starting insect cultures, harvesting, packaging, distribution, contamination 
and maintaining the host populations (insects and plants). Often hosts are more expensive 
and challenging than rearing the actual commercial BCAs. Some species are used 
seasonally but it is necessary to maintain them year round. It is clear that the up-front cost 
for the establishment of an insectary, knowledge and experience are major barriers.  
 
The difficulty in bringing a new species of commercial BCA into this market was another 
major barrier. All insectary owners realised that it required significant amounts of money, 
technical knowledge and time, regardless of whether this new biological control agent 
entered the commercial market or not. A few of them (3/9) mentioned that they have 
collaborative projects with State Departments of Primary Industries (DPI) and/or 
Agriculture. In addition there are a few entomologists working on commercial BCAs in 
either Departments of Agriculture or universities in Australia. The majority of them (5/9) 
believed that input costs of commercial BCAs have increased over time but the market 
was very price sensitive so they were not able to raise prices as costs increased. Thus the 
cost to develop commercial BCAs is very high in terms of money, time and knowledge 
but the profit is relatively small. 
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Logistics was another important barrier for this industry because delays in transit might 
damage the commercial BCAs’ quality significantly. All of the insectary owners said that 
their insectary companies were established in rural areas because they could not afford 
the significantly higher costs in major cities. One insectary owner reported: 
 
“I think it would have been quite difficult for us to do what we do, say in a major 
city because of the cost of land, cost of buildings and the cost of all that 
infrastructure would have been significantly higher and would have probably 
stopped us even getting going in the first place I think.” 
 
Being in rural areas is a disadvantage for getting products to the consumer. It takes extra 
time and their clients were based primarily in rural areas too. Some of the customers are 
out of the overnight postal delivery areas.  The establishment of the insectary companies 
in the major cities is very expensive and faces some disadvantages as a rural industry.   
 
Most of the insectary owners (4/9) reported that location is important in terms of climate 
such as temperature and humidity. If the climate is favourable for commercial BCAs 
production in one area then the cost of product development will be lower than the other 
areas that may not be as suited for that production. Thus the insectary industry 
establishment in a particular location depends on the climatic condition of that location as 
well as the geographical location in the country as a whole.  
 
Often interstate biosecurity creates barriers for this industry. The   insectary owners (3/9) 
perceived that due to the interstate biosecurity for Queensland fruit fly, sometimes their 
clients had to use chemicals and then they could not use commercial BCAs. They also 
could not send soil and plant materials into different states due to interstate biosecurity 
and thus create a complexity for this industry’s expansion. 
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Sometimes contamination of the rearing system and natural disasters such as floods 
disrupt production, but only 2/9 reported loss of clients.  Only one said  that Genetically 
Modified (GM) crops such as GM cotton had a negative impact on his company because 
one of the commercial BCAs (Trichogramma pretiosum Riley) is no longer used in the 
cotton cropping system for control of Helicoverpa spp. (Lepidoptera: Noctuidae). 
Another barrier for this industry is competition. One insectary owner reported that: 
 
“The Australian insectary owners’ biggest concern is competitors whether it is 
national or international.”   
 
On the other hand, another insectary owner stated: 
 
“Everyone should try to do work together without being antagonistic to each other”. 
 
The insectary owners may be concerned about direct competition. They were cautious to 
train people for insect rearing systems or technical support to the growers. Often one 
company produces the same product that another company produces and uses the same 
market to sell their product which indicates that direct competition exists among the 
insectary companies because the Australian market is entirely domestic and not big 
enough. 
 
There is a lot of history in this industry that has not been documented. One insectary 
owner said: 
 
“I think that there is a huge amount of work and experience in this industry that’s 
not documented scientifically in journals”. 
 
He also said that they had to write reports for research agencies when they do research 
with support from such an agency. These are accessible but not publicly available. 
Insectary owners have hands on experience because of the application of the products in 
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the field, their understanding of IPM, monitoring and all the interactions that are 
happening in the field. It was also reported that all the companies have manuals for their 
production systems which are used by their employees. These manuals are built on 
continually as they learn more and more about rearing commercial BCAs. However, for 
the success of the business there is a certain level of secrecy. The insectary owners have 
hands on experience that is either not documented or not accessible. Perhaps the insectary 
business is somewhat confidential because of this commercial sensitivity.  
 
Insectary owners believed that the patenting process is expensive and requires a certain 
level of experience and time. They also believed that they have to disclose their 
technologies to apply for a patent which makes them more unprotected. Instead they think 
that the complexity of their production systems and other technologies offers them more 
protection than a patent. In Australia, only nematode commercial BCAs are patent 
protected but the remaining commercial BCAs are not. The commercial BCA rearing 
methods and other associated technologies for their use may be the main subjects for the 
patent because free living, naturally evolved organisms cannot be patented.  
 
4.3.4 Main driving factors in Australian commercial BCAs’ 
market.    
 
Driving factors influence growers to adopt new technologies. All the Australian insectary 
owners (9/9) believed that there are some driving factors which influence growers to 
switch from conventional (chemical) control to IPM. The driving factors are discussed 
below: 
   
Insecticide resistance is one of the major driving factors. All insectary owners (9/9) said 
that when an existing pest management system is no longer working because an 
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insecticide has failed then growers made changes and switched to IPM.  For example the 
two-spotted spider mite (T. urticae) became resistant to many insecticides in Australia 
during the 1980s. Afterwards IPM was developed which incorporated a commercial BCA 
(P. persimilis) and many growers use this to control this pest. This shows that insecticide 
resistance influences growers to adopt commercial BCAs in an IPM program.  
 
Sometimes pesticide withdrawal or cancellation is the driving factor to switch from 
conventional control to IPM according to a few of the insectary owners (2/9). For 
example, Endosulfan has been withdrawn from the Australian chemical insecticide 
market. This insecticide was used in many crops to control the key pests. This may lead 
growers to find alternatives such as the commercial BCA, Anastatus sp. (Hymenoptera: 
Eupelmidae) a parasitoid of the fruit spotting bug that is under development.  
 
Often health and environmental safety concerns may be one of the major drivers. Most of 
the insectary owners (4/9) believed that sometimes growers poison themselves and they 
do not want to use pesticides anymore because they have made themselves sick. A few of 
them (2/9) pointed out that just general increasing environmental concerns cause growers 
to adopt commercial BCAs. One insectary owner said that some growers genuinely want 
to reduce pesticides, but they are relatively few and probably are the more forward 
thinkers so health and environmental safety concerns can cause forward thinking growers 
to switch from chemical control to IPM and thus incorporate commercial BCAs into their 
IPM program. 
 
The effectiveness of the commercial BCA is an important factor for adoption. A few of 
the insectary owners (3/9) believed that a commercial BCA is an effective alternative, fits 
in with the growers’ other practices, and is relatively easy to apply.  
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The relative cost of BCAs compared to chemical control is another important factor. A 
few of the insectary owners (2/9) said that commercial BCAs are relatively cheap if 
compared with chemical insecticides. Sometimes using chemical insecticide is becoming 
very expensive. Growers want to try using commercial BCAs as an alternative cheap 
option. This study did not attempt to compare the cost of commercial BCAs and 
insecticides cost because information was not available.    
 
Often a pest management consultant’s advice is a very good driver. A few of the insectary 
owners (2/9) pointed out that pest management consultants can facilitate the sales of 
commercial BCAs. Sometimes better education by a consultant about IPM and 
commercial BCAs can changes growers’ perceptions about pest control.  
 
One insectary owner pointed out that generational shift is very much behind IPM. 
Younger growers may be more interested to try a new technology than older growers. He 
said that there were quite a lot of younger growers taking over the farm management from 
elderly parents (who have run the farm traditionally for a long time) and move to IPM.  
 
Often overseas growers adopt commercial BCAs and this may be encouraging to 
domestic growers. Sometimes growers may travel overseas and actually see greenhouse 
growers in Europe or the USA, some of whom are using IPM and incorporated 
commercial BCAs in their IPM program. One insectary owner said that they were 
encouraged to try IPM when they returned home. Overseas travel influences growers to 
adopt commercial BCAs because physically they saw that commercial BCAs work and 
are very effective.    
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4.3.5 Opinion and recommendations by the Australian 
insectary owners 
 
The Australian insectary owners (9/9) said that several factors are important for this 
business. The effectiveness of commercial BCA is an important factor emphasised by 
most of the insectary owners (4/9). One insectary owner pointed out that it has to be 
reasonably priced and a few of them (2/9) pointed out that they need more products to 
manage the pests in a particular cropping system. In addition, location is another 
important factor in terms of logistics (8/9), climate (4/9) and insectary success or failure 
as a business (5/9). This shows that the effectiveness of commercial BCAs is one of the 
major factors but economics and location are also important for business expansion. 
There are more commercial BCAs needed to control the pests in a particular cropping 
system. 
 
The Australian insectary owners reported that the Australian pest control market is 
heavily dominated by pesticides. Citrus was the first IPM crop and it had great success, 
but currently there are many effective new generation chemical pesticides available for 
citrus pests. In addition, all of the insectary owners believed that selective pesticides are 
very good but the problem is how growers used them. They also pointed out that some 
selective insecticides may have some side effects on biological control agents. However, 
all insectary owners were very optimistic about this industry’s future.  
 
The Australian insectary owners made the following recommendations to help the 
industry expand:  
 
1. Growers need education regarding IPM because some fundamental changes in 
the growers’ decision making process are needed and this will help the industry to 
expand (9/9). 
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2. Public education regarding IPM should start from primary school because consumers 
can drive this change from chemical control to IPM (9/9).  
 
3. Government subsidies to support more research by insectary companies into the 
development of new commercial BCAs (9/9).  
 
4. Government can help to introduce new rules or modify existing rules for growers to 
reduce the use of pesticides (6/9). 
 
5. The supermarkets are big drivers that could promote produce grown using IPM (8/9). 
There is a need to introduce an IPM logo for fresh produce (4/9).   
 
4.4 Discussion 
 
Over four decades, the Australian insectary industry has expanded from one company and 
one commercial BCA to five companies and 36 commercial BCAs in 2014. Two decades 
after the establishment of the first insectary, the industry expanded rapidly based on             
P. persimilis that controls two-spotted spider mite (T. urticae). The two-spotted spider 
mite has a long history of pesticide resistance development both in Australia and 
worldwide. In Australia, multiple pesticide resistance in T. urticae has been reported 
during the early 1970s (Unwin, 1973; Edge and James, 1982, 1986; Herron et al., 1993; 
Herron et al., 2001). 
 
From this investigation, it has been clearly revealed that out of nine insectaries four 
initially produced P. persimilis, to control two-spotted spider mite which is a generalised 
pest in many crops and developed resistance to multiple pesticides. There was no option 
other than the use of the cosmopolitan P. persimilis and it remains the leading 
commercial BCA in the Australian market for a number of insectary companies’ 
establishments.  
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A possible reason for this period (1970–1999) of rapid expansion of insectary industries 
around the world were that many pest insects had developed resistance to insecticides 
during that period, and the difficulties of bringing a new insecticide into the market 
(Warner and Getz, 2008; van Lenteren, 2012). In Europe pesticide reduction was the main 
driver for the expansion of the insectary industry because of consumers’ demands, 
legislation and withdrawal of hazardous pesticides (Cannell, 2007). Insecticide resistance 
and other factors such as greenhouses were also driving factors for the expansion of the 
European insectary industry. When the Australian insectary industry expansion stopped 
due to the lack of markets, there were no other drivers in Australia. Therefore, only seven 
commercial companies were operating by 2011. The number was reduced in 2014 by 
amalgamation of 2 small insectaries with larger ones. Currently five insectary companies 
are operating on a commercial scale.  
 
This study revealed that pesticide withdrawal or cancellation of pesticide registration was 
a driving factor. One commercial BCA, Anastatus sp. of fruit spotting bugs, Amblypelta 
spp. (Hemiptera: Coreidae)  is under development in Australia because an effective 
broad-spectrum insecticide (Endosulfan) was withdrawn not only from the Australian 
market but from the  global market (Huwer et al., 2011). This result is consistent with 
other studies that when Endosulfan was withdrawn, a major driving factor was found in 
Europe and North America (Warner and Getz, 2008; van Lenteren, 2012).   
 
Many authors stated that augmentative biological control or using commercial BCAs is 
expanding. There is a rising number of available species and commercial suppliers of 
biological control agents and as a result the insectary industry is expanding around the 
world (Parrella et al., 1992; van Lenteren, 2003a; Pilkington et al., 2010). A few of the 
researchers argued that it is not increasing. The reason given is that commercial BCAs 
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when released were usually less effective because of certain ecological limitations. In 
addition, they were more expensive than conventional insecticide applications (Collier 
and Steenwyk, 2004). In practice, the commercial insectary industry is increasing around 
the world and this suggests that this view is not widely supported (Parrella et al., 1992; 
van Lenteren, 2003a; van Lenteren, 2006; Pilkington et al., 2010). Is the Australian 
industry growing? The answer may be yes because insectary owners’ turnover is 
increasing and in terms of volume, production is increasing. However, no new clients 
have been attracted and this growth does not have a positive impact on the growth of the 
industry expansion. Without new clients, industry expansion does not occur. This study 
does not support Collier and Steenwyk’s (2004) argument because the Australian 
insectary owners reported that the commercial BCAs are reasonably priced and cheaper 
than chemicals. They also reported that BCAs are effective. Other factors may involve a 
lack of growth of this industry in Australia. These are discussed below:  
 
In terms of employment, this industry is still very small. The Australian industry 
employed fewer than 60 people and only two companies employed more than ten people. 
In comparison, the European insectary industry had over 750 employees in 1997 (van 
Lenteren et al., 1997). In 2011, the number of employees is much larger and 20 large 
insectary companies (large = employed more than 10 people) are located in Europe. The 
largest company in Europe employed 600 people in 2011 (van Lenteren, 2012). In North 
America, the 22 insectary companies employed approximately 200 employees but there 
are unknown numbers of small privately-owned insectaries which serve citrus and other 
orchards. In addition, many species of commercial BCAs are imported from Europe and 
several other countries (Warner and Getz, 2008). Perhaps, the Australian insectary 
companies could not afford to hire more employees because most of the insectary 
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companies produce only one to three commercial BCAs and the turnover is not enough to 
warrant the employment of more people.  
 
In Australia, two of the large insectary companies produce most of the commercial BCAs 
and six taxonomic groups provided 31 species of commercial BCAs in 2011. 
Hymenoptera occupied the first position followed by Acari, Nematoda, Coleoptera, 
Neuroptera and Hemiptera respectively. Worldwide ten taxonomic groups provided 
commercial BCAs, a total of 242 species. Four taxonomic groups provided the most 
commercial BCAs for worldwide pest management and Hymenoptera (wasps) leads these 
groups followed by Acari (mites), Coleoptera (beetles) and Hemiptera (bugs) 
respectively. Nematoda (nematodes)  and Neuroptera (lacewings) occupied the fifth and 
sixth position respectively (van Lenteren, 2012). The importance of Hymenoptera and 
Acari in Australia followed the world trend, probably because the desirable traits of these 
agents are just as useful in Australia as elsewhere (Bigler, 2006; van Lenteren, 2012). The 
last four in Australian taxonomic groups did not follow the world trend because some 
species of these groups were not commercially available in other parts of the world. 
These biological control agents and their hosts (pests) are native species in Australia. 
Some of the predators are not host specific, for instance C. montrouzieri is a native 
species in Australia and a predator of mealy bugs and scale insects. This predator had 
been previously exported by an Australian insectary company around the world. 
Currently many insectaries worldwide rear this commercial BCA.  
 
Product quality and consumer perception of product quality is a critically important issue 
in the commercial production of biological control agents (van Lenteren, 2000a, 2003b; 
Warner and Getz, 2008; Fielding, 2012). To maintain product quality for the commercial 
sale of biological control agents the International Organization for Biological Control 
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(IOBC) in Europe developed guidelines following global consultation (van Lenteren et 
al., 2003). This study revealed that there is no guideline for quality control of 
commercially produced biological control agents in Australia. However the insectary 
owners are aware of the importance of quality control and know there are IOBC 
guidelines for mass production of biological control agents. A few of the Australian 
insectary owners follow IOBC guidelines but most of them follow their own practices to 
achieve quality assurance. The Australasian Biological Control Association Inc. does not 
have enough economic resources to develop Australian guidelines appropriate to the local 
industry.   
 
In 2011, the Australian market was dominated by three commercial BCAs; N. cucumeris, 
Aphytis spp. and P. persimilis based on the volume of production. These are the best-
selling commercial BCAs but it does not mean that these will be the best-selling products 
in the future because the arrival of new agents can change the market significantly. For 
example, in greenhouse systems worldwide, 25% of the total sales revenue on 
commercial BCAs came from E. formosa (van Lenteren, 2007) followed by P. persimilis 
and Amblyseius cucumeris (Oudemans) at 12% but this division of agents changed 
significantly with the success of another phytoseiid mite Amblyseius swirskii (Athias-
Henriot) and sales of this new species are said to be  increasing in Europe and North 
America (Pilkington et al., 2010). This study did not attempt to further investigate this 
area.  
 
The nematode commercial BCAs market is not large in Australia. One local company 
produces six species of nematodes in 2011 but on a very small scale. Even in Europe or in 
North America, the nematode market was not big enough to make more than a few 
nematode species available (Warner and Getz, 2008). Several researchers argued that 
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additional research and customer education was necessary regarding nematodes (Stuart et 
al., 2006; Georgis et al., 2006). 
 
In terms of gross sales the economic size of the Australian insectary industry was very 
small compared with the European and North American insectary industries. The global 
market values of commercial BCAs used in greenhouses was US$300 million and Europe 
occupied 75% of market value followed by North America (10%) (Cock et al., 2009). 
One of the largest companies in Europe has production and marketing in 45 countries and 
the North American industry has an estimated gross annual value of US$2–530 million at 
the wholesale level (Warner and Getz, 2008). The Australian industry has estimated gross 
sales well below AUD$10 million for the 2010–2011 financial year.  
 
From the discussion above it is noticeable that the Australian insectary industry is far 
behind the European and American industries. This industry faces many challenges that 
hindered the growth of this industry. These are discussed below:  
 
This study revealed that to bring a new species into the market required a huge amount of 
money and time. This industry by itself does not have the economic resources to bring in 
a new species. It is dependent on scientific research conducted by public agencies and 
universities in Australia. This type of research is limited by a lack of funding and the 
industry also gets very limited support for basic biological research that underpins the 
development of commercial BCAs. In North America, this type of applied research has 
been cut back over the past two decades (Warner, 2007). Recently (2012–2014), two 
large Australian insectary companies introduced five new species 
(www.goodbugs.org.au) in the Australian pest control market. One of them was 
Eretmocerus hayati which controls Silverleaf whitefly. This pest was introduced into 
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Australia and is a comparatively new pest in different crops such as cotton (broad acre 
crop), and fruit and vegetables (horticulture). It developed resistance to multiple 
insecticides and no parasitoids are available to control this pest effectively in Australia 
(DeBarro and Coombs, 2009). A collaborative research program with insectaries, 
government organisations and other industries introduced this commercial BCA in the 
Australian pest control market (Bugs for Bugs, 2015).  A multi-target approach (a pest 
that damages multiple crops or a commercial BCA that controls multiple pests) may be 
essential for collaboration which is an important way to overcome this barrier.  
 
Collaboration is also essential within this industry in terms of marketing and sharing 
information. It is necessary to share information with overseas insectaries and scientific 
communities so that they can provide basic and applied research support which is 
essential for insectary expansion (Warner and Getz, 2008). Collaboration is also 
important for successful implementation of commercial BCAs because it is applied in a 
system which is multidisciplinary. This system needs to be favourable for the commercial 
BCAs to be effective.  
 
Often contamination can disrupt the rearing system or natural disasters, such as floods, 
cause a scarcity of commercial BCAs. As a result, growers switch from IPM to 
conventional pest management methods. In Australia, only two companies supply 
multiple agents and if those companies are unable to provide the product when needed, 
growers must use an alternative even if their first choice would be to use commercial 
BCAs. This is another limitation in the Australian insectary industry. Perhaps this 
limitation can be overcome. One may be able to supply agents when the usual supplier 
cannot.  
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The Australian insectary owners identified as a main barrier the insectary set-up and 
business running costs. They pointed out that for at least one or two years they had to face 
major challenges because there were no clients to buy their products. Most of them could 
not produce cost-effective products and attract more clients because of their small 
infrastructure. Often this industry faces challenges that are identified by other researchers 
such as extra costs for the contamination of rearing systems and maintenance of the host 
population (insects and plants). Often the host population became more expensive than 
rearing the actual commercial BCAs (Penn, 1998; Warner and Getz, 2008). Perhaps they 
can reduce production costs by following multi-target approaches such as producing 
multiple commercial BCAs from a single rearing host such as other insects, plants, soil, 
fruit and vegetables. 
 
The size of the Australian insectary industry was stalled by several other factors such as 
the Australian cropping system (broad acre, greenhouse and organic) and market 
destination (domestic and export). The market destination can be influenced by logistics 
and biosecurity problems. These are discussed below:  
 
In Australia, protected cropping systems represent a much smaller proportion of the total 
crop areas in Australia compared with Europe or the USA, so presumably the bulk of 
Australian sales must be for use on open field crops. In the greenhouse system, pests 
reproduce faster because of the suitable environmental conditions. This needed high 
pesticide frequencies. As a result pests developed resistance to pesticides very quickly 
and growers search for alternatives such as IPM and commercial BCAs (van Lenteren and 
Woets, 1988; van Lenteren, 2000a). In broad acre cropping systems perhaps commercial 
BCA adoption is not cost effective. Insectary owners also said that the number of growers 
is also very small in Australia. Previous studies revealed that in many broad acre cropping 
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systems IPM is not well developed or IPM is not adopted or little-adopted by broad acre 
cropping growers for pest management in Australia (Williams and Il'ichev, 2003; Horne 
et al., 2008). Currently protected cropping is a rapidly expanding industry in Australia 
(Taig, 2009). This may be a driving factor for this industry expansion in the future. 
 
Insectary owners reported that a few Australian organic growers use commercial BCAs. 
The national and the International Federation of Organic Agriculture Movements 
(IFOAM) guidelines recommended the use of parasitoid, predator and microbial 
commercial BCAs for pest management in organic farms (Zehnder et al., 2007). In 
Australia a previous study reported that organic growers may not be aware that most 
organic pesticides are killing beneficial species and need to be cautious that they are not 
using more disruptive pesticides (in terms of effects on beneficial species) than 
conventional growers. The reliance on pyrethrum and BT is not sustainable, is expensive, 
and certainly not desirable in terms of pest management (Horne, 2007). Some commercial 
BCAs have broad host ranges and some are non-native which may cause concern over 
non-target-effects (Speiser et al., 2004). Presumably, organic growers use biopesticides 
that are specifically registered for organic farms or they use ecologically based pest 
management like conservation biological control which leads to higher natural enemy 
diversity and abundance on organic farms (Furlong et al., 2004; Macfadyen et al., 2009). 
In addition, augmentation of commercial BCAs with the combination of other methods in 
organic farms may cause the commercial BCAs to be less effective than stand-alone use 
(Zehnder et al., 2007). Perhaps organic growers accept some levels of crop damage 
because their clients accept certain levels of blemishes on fruit and vegetables and are 
paid a higher premium for organic produce.  
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For any industry expansion, market destination (domestic and international) is an 
important factor. The Australian insectary industry is confined within the domestic 
market. Insectary owners reported that previously they exported commercial BCAs into 
several countries but they stopped because of huge biosecurity issues both in Australia 
and overseas. Logistics is another problem because live organisms need good access to 
transport systems otherwise any delays can cause degradation of commercial BCAs’ 
quality (Warner and Getz, 2008). Interviewed insectary owners also perceived that 
logistic and interstate biosecurity created problems in the domestic market. Long-distance 
transportation (because Australia is a large country) and interstate movement of host 
materials (soil and plant materials) could be a real problem. To overcome biosecurity and 
logistic problems perhaps the Australian insectary companies can establish production 
facilities in different states and overseas like European insectaries (Warner and Getz, 
2008).  
 
Growers are the end users of the commercial BCAs. The Australian insectary owners 
pointed out that to implement commercial BCAs growers need education about IPM and 
commercial BCAs. Growers are largely influenced by pest management consultants and 
extension agents. Many researchers have pointed out that failure to adopt IPM or 
commercial BCAs largely depends on pest management consultants and extension agents 
because often they undercut growers confidence on commercial BCAs (Malone et al., 
2004; Warner, 2007; Kaine and Bewsell, 2008; Warner and Getz, 2008). Interviewed 
insectary owners recommended that pest management consultants and extension agents 
need education about IPM and commercial BCAs.   
 
Promotion of commercial BCAs is a crucial part of this industry. It has stuck to its own 
website because the industry does not have enough economic resources for massive 
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advertisement. A few of the insectary owners stated  that crop specific or horticultural 
magazine advertisements are least effective, whereas in other countries such as in Europe, 
the primary sources of information for growers regarding commercial BCAs are 
agricultural journals (local and national), other growers, and extension services; 
secondary sources are TV, radio and the internet (Moser et al., 2008).   
 
Insectary owners were happy as small operators because they reached a certain level of 
expansion. They have viable businesses and do not want further expansion because most 
of the companies were operating on very small scales by one person. It will be 
challenging for them to manage a wide range of clients.  
 
This industry has plenty of information or data on commercial BCAs not published in a 
scientific journal. Perhaps the insectary owners do not have time to publish or for 
commercial secrecy. Often commercial insectaries have information about unsuccessful 
commercial BCAs but that information remains unpublished. However, this information 
may be useful for a potential new insectary owner or augmentative biological control 
researchers for their research. Perhaps this may be one of the important impediments for 
the expansion of this industry.  
 
Direct market competition exists in the Australian insectary industry. Insectary owners 
were very concerned about direct competitors whether it was national or international. In 
Australia, several companies offer the same products to the same market and perhaps the 
same customer base. Basically, the Australian insectary industry is very protective in 
terms of commercial secrecy. They were cautious to train people or keep secret their 
rearing information because it will be risky for their business. Other researchers described 
how the insectary companies have little protection except to keep secret their production 
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and not to facilitate competition (Cock et al., 2010). Pesticide research and development 
is protected by international laws that give security of the intellectual properties to the 
chemical companies that develop a new chemical pesticide (Javier et al., 2010). This 
direct competition might be causing price competition or commercial BCA’s quality 
degradation. Perhaps this may be one of the major barriers for this industry expansion.  
 
Patents are essential for any commercial production. In Australia, only nematodes have 
patent protection. The remaining commercial BCAs are not patent protected primarily 
because of the insectary owners’ perception towards the patenting process. In other places 
such as Japan, USA and Europe most of the commercial BCAs are patent protected. Often 
they give licences to the secondary insectary companies and expand their business. One 
of the European insectaries, Koppert which is located in the Netherlands is the applicant 
of 28 patents including a few commercial BCA rearing methods and other information 
from Australia (Javier et al., 2010). This suggests that perhaps this company will give 
licences to one of the Australian insectary companies and expand their business in 
Australia as well. This result showed that the patent process is costly. Spread over its 
entire 21 year life, an Australian standard patent for a single mechanical invention 
typically costs in the vicinity of AUD$30800 (including 10% Goods and Services Tax) 
(www.wadesonip.com.au/patent-attorney-services/patents/patent-costs/). To manage the 
patent costs the large insectaries could give licences to the small companies because the 
large insectaries have the required resources for the patent process. The lack of patents 
has constrained commercialisation and integration of commercial BCAs into crop 
protection. 
 
Finally, the Australian insectary owners made recommendations on several aspects. They 
believed several options are available that could favour the expansion of this industry. 
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Firstly, public awareness can change the whole scenario and favour expansion of this 
industry. Secondly, to create a targeted collaborative research program between this 
industry and the government so that it can favour the expansion of the industry. Thirdly, 
this industry is very specific and the market is also very specific and primarily dependent 
on growers’ decisions. Therefore it is necessary to educate growers about IPM and 
commercial BCAs. Finally, an IPM logo for fresh produce will favour industry expansion 
by increasing public awareness. In many overseas countries consumers are encouraged to 
ask for products displaying appropriate labels, for example, in New York, IPM produce is 
now labelled (Sansavini, 1997; Cameron, 2007). Similar recommendations came from 
previous work in Australia and other countries (Warner and Getz, 2008; Cock et al., 
2010; Pilkington et al., 2010; Gurr et al., 2010; van Lenteren, 2012). If these 
recommendations become effective then perhaps this industry will expand.       
 
4.5 Conclusions   
 
The Australian commercial insectary industry represents a very small economic sector in 
Australia. Based on insecticide resistance this industry expanded for a certain period. 
Then the industry became static because no other driving factors exist in the market. 
 
Business protectiveness is one of the major barriers of this industry expansion. It needs 
collaboration and patents to overcome several barriers that are currently facing this 
industry such as insectary set-up cost, lack of research support, bringing a new species 
into the pest control market, logistic problems, interstate biosecurity problems and direct 
market competition.  
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The insectary owners made some recommendations and need to take these 
recommendations into consideration. This study revealed that they needed some further 
research in several areas such as promotion of commercial BCAs, organic cropping 
systems, market competition, collaboration and protectiveness. 
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Chapter 5: Researchers’ interviews 
 
The citrus pest management researchers were interviewed to help to understand the views 
of the researchers about the use of commercial biological control agents (commercial 
BCAs) and the state of the Australian insectary industry. Some of the researchers are 
currently working on citrus pest management and others have previous experience of this. 
The reason for this selection was that the citrus industry is the case study chosen as it was 
the first industry to use commercial BCAs (Chapter 1). The findings from these 
interviews are described below:  
 
This chapter addresses the specific Objective 2 (Chapter 1 and 3, Figure 3.2):  
 
To identify the key barriers to augmentative biological control (commercial 
BCAs) and the different factors that influence these barriers from perspective of 
the researchers involved. 
 
The chapter describes the researcher’s perspectives of the barriers that have impeded the 
growth of the Australian insectary industry, opportunities for public policies to encourage 
industry growth and key obstacles which made augmentative biological control 
(commercial BCAs) unable to fulfill its potential in Australia. 
 
5.1 Introduction  
 
Research is a crucial part of the commercial insectary industry and researchers are an 
important group who are conducting research on commercial BCAs. They document and 
develop interpretations which are directly related to the industry. They are the key 
informants to address the scientific questions of commercial BCAs. In North America, the 
surveyed researchers who are involved in augmentative biological control address the 
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applied scientific questions of commercial BCAs (Warner and Getz, 2008). They are not 
only important for the scientific issues but successful implementation of commercial 
BCAs as well. Researchers spend a lot of time in the field with the growers or working 
closely with the insectary owners. Researchers have developed methodologies in which 
they and the growers work together to develop novel technologies and create a much 
higher probability for adoption of technologies by growers (Williamson, 1998).  
 
Nevertheless some researchers do not believe that augmentative biological control 
actually works. They believe that certain ecological limitations, such as an environment, 
which is not favourable for commercial BCAs makes them less effective (Collier and 
Steenwyk, 2004). Others stated that there are plenty of examples of successful practical 
augmentative programs around the world (van Lenteren, 2012). An example is the control 
of the two-spotted spider mite Tetranychus urticae Koch in strawberries with 
Phytoseiulus persimilis Athias-Henriot and Neoseiulus (=Amblyseius) californicus 
(McGregor) in California, Florida, Israel, Australia, South  Africa, Spain and Italy (van 
Lenteren, 2006). However, to implement commercial BCAs as augmentative biological 
control agents, researchers must be aware of farmers’ problems and perceptions. 
Researchers need to deal with all the pests in a crop but often they focus on a single pest. 
It is not possible to study the commercial insectary industry without understanding the 
perceptions of researchers involved in augmentative biological control (Olsen et al., 2003; 
Horne et al., 2008).   
 
5.2 Methods  
 
During 2012–2013, nine (9) researchers (who are experienced with Entomological 
research including citrus pest management in Australia) were interviewed by the author. 
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Before conducting interviews ethics approval was granted by the University of Sydney 
Human Research Ethics Committee (Approval Protocol No: 14675, 19 April 2012).  
 
The citrus pest management researchers’ publications were searched to identify the 
authors. Then they were recruited by their profile search through different institutions, 
namely the universities, state departments and the CSIRO. A list of 14 citrus pest 
management researchers were compiled who are either currently active in citrus pest 
management research or had previous experience. The author did not try to find more 
researchers because of time constraints. Each researcher was then contacted and 
interviews were conducted until the author judged that no new information or views were 
being expressed which indicated that data saturation had occurred. Nine were interviewed 
who were from different states in Australia. Seven researchers were from government 
organisations, one from a university and one was an insectary owner from the insectary 
industry. This insectary owner was interviewed twice; first as an insectary owner and 
second as a citrus pest management researcher because he has spent a long time 
researching citrus pest management.   
 
All participants were contacted initially by telephone or email to confirm their willingness 
to be involved in this survey. Each contact was brief, personalised, and confidential and 
they were informed that only aggregated research results will be used. Each participant 
received a Participant Information Statement (PIS), consent form and cover letter 
(Appendix 2). 
 
Nine semi-structured interviews were conducted, four in person (face-to-face) and five by 
telephone because they were located a long distance away from Sydney. The interviews 
were conducted flexibly to allow responses and follow-up questions. Initial questions 
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were open-ended, with follow-up questions seeking detail on areas of interest to the 
interviewer that were brought up by the respondents (citrus pest management 
researchers). An interview pro-forma was developed prior to the interviews and areas 
covered were General information, Integrated pest management (IPM), Augmentative 
biological control (commercial BCAs) and the Australian insectary industry (Appendix 
8). In this study, qualitative data were collected. The interviews were recorded 
(audiotaped), with an average length of 40 minutes and then transcribed using Express 
Scribe software (Express Scribe 5.55© NCH). Then the transcribed text of the appropriate 
interview was sent to each interviewed researcher for approval.     
  
Analysis of citrus pest management researchers’ interviews  
 
Theme analysis was conducted and followed the same procedure as described for the   
Chapter 4 interviews. Researchers’ interview pro-forma (Appendix 8) was topic based 
with questions grouped into different topics of inquiry namely: 
 
1. General information, 
2. Integrated pest management, 
3. Augmentative biological control, 
4. Australian insectary industry. 
 
According to the structural coding the interview responses were coded using NVivo 
10.0 text analysis software (Namey et al., 2008). Each topic was coded such as: 
GINFO for General information, IPM for Integrated pest management, ABC for 
Augmentative biological control and AIIND for the Australian insectary industry. 
Within a topic, each question was given a code name which contained a prefix for the 
topic and an identifier for the question such as: GINFO_research experience, 
IPM_define ipm, ABC_naturally occurring BCA. The full lists of these codes are 
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shown in Table 5.1 under the headings: General information, Integrated pest 
management, Augmentative biological control and the Australian insectary industry. 
 
Table 5.1: Interview code (node in NVivo) descriptions. Four topic codes and each topic code has 
a group of question codes.  
 
Code Code descriptions 
1. Code: GINFO General information 
GINFO_research experience Researchers’ research experience. 
GINFO_collaborative research Collaborative research with insectary industry. 
GINFO_future research Future research on commercial BCAs. 
2. Code: IPM Integrated pest management (IPM) 
IPM_define ipm Researchers’ view about IPM. 
IPM_practicing ipm Researchers’ view about practicing IPM by growers. 
IPM_switch ipm Factors influence growers to switch from conventional control 
method to IPM. 
IPM_tendem use Tandem use of selective pesticides and commercial BCAs in 
IPM. 
IPM_implement ipm Opinion about the implementation of IPM. 
3. Code: ABC Augmentative biological control (ABC) 
ABC_naturally occurring BCA Are naturally occurring biological control agents (BCA) 
enough to control the pests? 
ABC_factors favour ABC Factors favour augmentative biological control. 
ABC_not use commercial BCAs Why growers do not use commercial BCAs? 
ABC_growers uptake of commercial 
BCAs 
How growers influenced by the state of the commercial 
insectary companies? 
ABC_ABC  is poor or valueless Importance of augmentative biological control in pest 
management. 
4. Code: AIIND The Australian insectary industry 
AIIND_factors affect expansion  Which factors affects the Australian insectary industry? 
AIIND_opportunites exist What opportunities exist for commercial BCAs? 
AIIND_current rules and regulations Opinion about current rules and regulations. 
AIIND_quality issues  Working with researchers for quality control. 
AIIND_GM crops Opinion about GM crop’s impact on the Australian insectary 
industry. 
 
 
As described in Chapter 4 the coded data were then categorised or classified according to 
the emerging themes where the meaning of responses was consistent and unambiguous. 
Through this process, all examples of each theme were pulled together so that the results 
could be interpreted for that theme.   
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5.3 Results 
 
The majority of the interviewed researchers were male (6/9) and remaining were female 
(3/9). They have an average of 22 years research experience (in this context 
entomological research including citrus pest management research experience) which 
included an average of 17 years of citrus pest management experience. Most of them 
(5/9) were directly and a few (2/9) were indirectly involved in collaborative research with 
commercial insectary companies. Most of them (6/9) were interested in doing research 
with commercial insectary companies and a few of them (3/9) have potential projects 
under consideration.  
 
The results are given below under the five themes that were identified by the analysis of 
interview responses. The five key themes became the subheadings for the results (Table 
5.2). 
 
Table 5.2: Themes identified from the citrus pest management researchers’ interviews.   
Themes Name of the theme 
5.3.1 
 
 
Citrus pest management researchers’ perceptions of IPM. 
5.3.1.1 Reasons for use of pesticides. 
5.3.1.2 Promoting IPM.  
5.3.2 
 
 
Citrus pest management researchers’ perceptions of commercial BCAs. 
5.3.2.1 Naturally occurring biological control agents. 
5.3.2.2 The importance of commercial BCA in IPM. 
5.3.3 Citrus pest management researchers’ perceptions of the main barriers which influenced 
Australian growers. 
5.3.4 Citrus pest management researchers’ perceptions of the main driving factors which 
influenced Australian growers. 
5.3.5 Citrus pest management researchers’ recommendations for the expansion of the 
industry. 
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5.3.1 Citrus pest management researchers’ perceptions of 
IPM 
 
Integrated pest management carries quite different meanings for different groups of 
researchers. All interviewed researchers believed that IPM is very broad and is a holistic 
approach which involves the use of a combination of different approaches or tools. A 
strategy is developed with a clear understanding of the biology of the system and the 
impact of any of the treatments, whether chemical or not. The ultimate goal should be to 
maximise the productivity of the cropping system with minimum reliance on pesticide 
application. This result shows that researchers defined IPM as a broad and ecologically 
based approach which minimises the use of chemical pesticides.  
  
Implementation of IPM depends on the components or strategies of IPM that are 
practiced by the growers. Almost half of the researchers (4/9) said that the growers’ 
practice of IPM covered a wide range of activities. A low level of IPM implementation 
(also called chemical based or tactical IPM) was characterised by monitoring pest 
populations followed by insecticide application according to the monitoring. A high level 
of IPM (also called strategic IPM) was ecologically based where pesticides were seen as 
the last resort. A few of them (3/9) pointed out that the level of implementation of IPM 
depends on the cropping system, pests and natural enemies of the system.  The reasons 
for the use of pesticide and promoting IPM are discussed below under the two sub-
themes: 
 
5.3.1.1 Reasons for use of pesticides 
 
Pesticides were considered unavoidable when pest populations became completely out of 
control. The majority of the interviewed researchers pointed out that in some cases it is 
108 
 
useful to use pesticides to bring the population down to the level that commercial BCAs 
can manage. One of them said that in some cropping systems, with their current 
knowledge about the pest system, there was no IPM developed that growers can use. An 
IPM program may require some pesticide use and IPM is not available for all the 
cropping systems as well as all the pests. 
 
For the export market, often growers need to use pesticides because of the need for 
blemish-free citrus. The majority of the researchers pointed out that once a grower was 
producing very high quality and blemish free citrus in terms of external appearance, they 
require an economic threshold (ET) that is simply incompatible with IPM. The broader 
more ecologically based IPM system is becoming increasingly difficult to rely on for pest 
control and growers need to use chemical pesticides for the export market. Often the 
economic threshold for export is not compatible with IPM. In other words, often IPM 
could not control the level of cosmetic damage for the export market.  
 
Many growers were not actually aware that biological controls were working to suppress 
pest populations. One researcher reported that growers treat their farm with insecticide for 
a new pest incursion and unwittingly disrupt the existing IPM system. Growers lose 
awareness of the fact that the IPM approach is actually very worthwhile. This indicates 
that growers’ awareness is important because unwittingly they disrupt the existing IPM 
systems and increase the secondary pest problems. 
 
In terms of growers’ background, one of the researchers said that most of the growers 
come from an insecticide background and historically they used only insecticides for pest 
management. For them to adopt an IPM approach means monitoring the pest populations 
and then applying pesticide accordingly which influences the implementation of IPM.  
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Selective insecticides are successfully working with commercial BCAs. Interviewed 
researchers stated that selective insecticides can help to change the pest dynamics in a 
cropping system. One of them said that: 
  
“Where selective pesticides have compatibility with the biological control agents 
then there is no reason not to use those at the same times.” 
 
The majority of the researchers (6/9) believed that it is necessary to choose insecticides 
carefully so that they have sufficient efficacy on the pests. Making informed insecticide 
choices are those based on a set of considerations as they know that the selective 
insecticides are only useful against one or two groups. Most of the researchers (5/9) 
believed that selective insecticides may be benign on several groups of key beneficial 
insects but generally do still have significant toxicity to other groups of beneficial insects. 
A selective insecticide is good but it is necessary to be cautious when chosen. It can have 
a negative impact on beneficial insects and may kill some of them or change the insects’ 
behaviour or effectiveness.  
 
5.3.1.2 Promoting IPM 
 
The majority of the researchers (6/9) believe that supermarkets can help to promote better 
marketing signals by mentioning IPM products and perhaps minimal pesticide use. More 
awareness and information is given to the consumers by IPM certification. If consumers 
know the products have been produced using a well-run IPM system which is trying to 
minimise impact on the environment and maximise biological control, this would be a 
good thing. It would be very strong information for the consumers to make a decision 
about what type of system they want to support for buying produce. If consumers do not 
know anything about IPM they cannot make any decision based on it. A few of the 
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researchers (2/9) pointed out that at the moment in Australia there is no or very little 
supermarket or consumers in general to demand IPM versus conventionally produced 
fruit and vegetables. It is very important to engage the public in any form of biological 
control, especially when the target pest needs to be controlled, not just within citrus 
orchards or other crops but in public areas, including backyards. One of them claimed that 
the crop industries do not promote the clean and green image to the consumer. Recent 
changes in the industry have placed greater emphasis on pesticide application than the 
promotion of IPM. This result reveals that crop industries need to be more IPM-focused 
than chemical based pest control.  Supermarkets can play a major role in promoting IPM 
produced fruit and vegetables. 
 
5.3.2 Citrus pest management researchers’ perceptions of 
commercial BCAs 
 
Interviewed researchers have different views about commercial BCAs. Often naturally 
occurring biological control agents are not enough and there is a need to release 
commercial BCAs. These are discussed below under the two sub-themes: 
 
5.3.2.1 Naturally occurring biological control agents  
 
Agricultural landscapes are generally a homogeneous and highly artificial environment. 
Interviewed researchers (3/9) generally expressed the view that natural enemies require 
different resources, complexities, and a high diversity of plants to satisfy their different 
nutritional and habitat needs and so will not work satisfactorily in an agricultural 
landscape. In most cases it just not possible to control the pests without some type of 
commercial BCA release because the agricultural system is different from the natural 
system. 
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In terms of climate, the agricultural system could not rely on the natural population of 
biological control agents. A few of the researchers (3/9) noted that often major heat 
waves or severity of winter temperatures were detrimental to the natural biological 
control agents. If they are suppressed to the point where they are not useful anymore then 
it is necessary to release commercial BCAs. This result indicates that climate has a large 
impact on natural biological control agents and positively influences the adoption of 
commercial BCAs. 
 
The adoption of commercial BCAs was also influenced by the regional impact such as the 
influence of coastal areas. For instance, in coastal districts red scales, Aonidiella aurantii 
(Maskell) (Hemiptera: Diaspididae) in citrus crops are less important than in inland 
districts in Australia. This indicates that different regions have different pest pressure.  A 
few of the researchers (3/9) noted that there are regions in Australia where particular 
biological control agents are just absent in citrus orchards because they have never been 
introduced. Most of the insect pests were introduced into Australia. They also said that 
natural biological control agents that are endemic in Australia are not useful for the 
control of these introduced pests because they have not grown up or adapted or evolved 
with the pest. So it is necessary to introduce commercial BCAs in the first place to tackle 
them.  
 
Often the developmental timing of pests and their natural enemies’ is very important. A 
few of the interviewed researchers (3/9) observe that often growers have been relying on 
naturally occurring Aphytis spp. to control red scales in citrus crops. However, it is not 
sufficient if it was not present at the right time, or the pest population was not at a suitable 
level to provide adequate control. Thus naturally occurring Aphytis spp. are not always 
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useful to control pests (red scales) in citrus crops because of the developmental variation 
between the pest and the parasitoid. This influences the adoption of commercial BCAs. 
 
Crop types and the production system are important and influence the uptake of 
commercial BCAs. One researcher was aware of countries where commercial BCAs are 
used most successfully in the covered cropping systems of vegetables, nurseries and other 
horticultural crops. But in outdoor cropping systems it would be costly, partly because of 
the cost of releasing and monitoring the commercial BCAs. The economic returns and the 
releases might be an economic limitation. This result indicates that the limitation of the 
adoption of commercial BCAs in outdoor cropping systems may be mainly for economic 
reasons.  
 
Another interviewed researcher noted that by strategically releasing commercial BCAs, 
there can be acceleration of the natural population and thus help to achieve target levels 
of pest suppression during the season. 
 
5.3.2.2 The importance of commercial BCAs in IPM 
 
In terms of IPM tools, the majority of the researchers (7/9) believed that commercial 
BCA is a valuable tool in IPM. A few of them (2/9) felt that the problem was that growers 
tend to treat commercial BCAs as another pesticide. It is very difficult to evaluate the 
commercial BCAs in this situation because they are always using it as a part of their IPM 
approach or system approach. It is difficult to generalise across all cropping systems. It is 
also varies from pest to pest. Commercial BCAs are an important IPM tool but do not 
have stand-alone use and their importance varies in different cropping systems and with 
different pests.  
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In terms of awareness, the release of commercial BCAs increases the growers’ awareness 
about IPM and the biological control agents. One of the researchers reported that: 
 
“A lot of entomologists do not fundamentally believe in biological control. They 
have grown up on chemical control and spend their whole life researching 
chemicals. They have lack of practical experience because [they] spend their time in 
the laboratories instead of out in the field. So they believed that chemicals are the 
only solutions because they could not actually see what happens when biological 
control works.”  
 
This quotation indicates that some entomologists do research on chemicals in the 
laboratory and do not have field experience. As a result they are not aware that biological 
control actually is working. 
   
5.3.3 Citrus pest management researchers’ perceptions of the 
main barriers which influenced Australian growers 
 
Interviewed researchers expressed views about the main causes for the limited use of 
commercially available biological control agents by growers.  
 
The size of the market may be influencing the adoption of commercial BCAs. The 
majority of the researchers (5/9) noted that the numbers of growers are fewer in Australia 
compared with other countries as in Europe where commercial BCA adoption is higher. A 
few of them (3/9) noted that the limited numbers of growers actually using commercial 
BCAs are mostly growing horticultural crops. In addition, broad acre crops are probably 
the biggest cropping system in Australia, much larger than the greenhouse cropping 
system. Growers might be interested in looking at naturally occurring biological control 
agents for broad acre cropping systems. This indicates that the Australian market is 
limited because of the small number of growers and the large size of broad acre cropping 
systems where commercial BCAs are less likely to be used for pest control. 
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A few of the researchers (2/9) pointed out that a very few organic growers were actively 
using commercial BCAs in Australia. They also said that it seems there is a lack of 
awareness of the fact that there are commercial BCAs compatible with organic farming 
available for augmentative releases. Organic growers were not looking for commercial 
BCAs to introduce in areas where a biological control agent might be absent. Most of the 
organic growers are non-users of commercial BCAs and perhaps they are not aware of 
them.  
 
In terms of developing a new commercial BCA, a few of the researchers (3/9) reported 
that one of the major barriers is bringing a new commercial BCA into the market. 
Australia has strict biosecurity laws and needs to be very careful about introducing exotic 
organisms. It is necessary to ensure that the biological control agent is target specific, its 
host range defined and its impacts on native biodiversity considered. It is also necessary 
to think about the commercial point of view. It is necessary to look at the whole system; it 
is very much a case by case basis.  
 
A few of the researchers (3/9) pointed out that the attitude of the growers is another 
barrier to the adoption of commercial BCAs. One of them reported that: 
 
“Some of the growers have used pesticides for last 30–40 years and it is very hard 
to change their attitude. They are getting the results why would they do anything 
different that has a risk for their crops, their livelihood or their incomes”. 
 
They also said that the attitude of some growers is ‘chemical or nothing’. Some other 
growers tend to see insecticides as more like insurance. Growers can easily see the impact 
of chemical application but they sometimes do not know about commercial BCAs due to 
the lack of education. A few of the researchers’ (2/9) believe that education and extension 
has a major impact on the growers. They noted that ethnic background (such as Greek, 
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Italian and Lebanese) is another barrier because of cultural and language differences. 
Perhaps most of the migrant Australian growers whose first language is not English face 
barriers and this study did not investigate further. A few of the researchers (2/9) also 
pointed out that risk management is a big issue for growers. If growers know the 
chemicals are cheap, effective and are getting results then they do not take the more risky 
decision to use commercial BCAs because they still believe that IPM is a greater risk. The 
growers’ negative attitudes and lack of confidence in commercial BCAs hindered the 
adoption of commercial BCAs in an IPM program.  
 
One of the main barriers to actually starting an IPM program is that it needs extra time 
and money spent on monitoring to know what the system is doing. This indicates that 
IPM requires more time and money than chemicals. Perhaps growers were not aware that 
once started it became cheaper than chemicals.  
 
Location of the insectary companies may be another barrier. One of the interviewed 
researchers pointed out that the Australian insectaries are hidden away for just a few 
selective growers who happened to be thinking about them. Most of the growers outside 
those areas have nothing in front of them to remind them that there is another option for 
pest management. Some growers use commercial BCAs because they have suitable 
climatic conditions but others do not because they have a different climate and pest 
pressures are different. Thus insectaries were established to supply a local business and 
do not apply to other regions with different climatic conditions.   
 
Extension services have a large impact on the adoption of commercial BCAs. One of the 
interviewed researchers pointed out that currently extension is being done quite 
differently from in the past. Doing more direct research projects and expanding the 
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information from them is considered better than general extension on individual practice. 
One of the barriers was growers are very much influenced by pest management 
consultants. The consultants recommend chemicals because if they visit orchards without 
recommendation then the growers will not bother with them. Thus extension services and 
pest management consultants play an important role in the adoption of commercial BCAs.  
 
Researchers were asked about the impact of Genetically Modified (GM) technology. The 
majority of the researchers (7/9) did not comment because they were not expert in GM 
technology. Only one of them said that GM technology is causing growers not to think 
about commercial BCAs in an IPM program and the adoption of commercial BCAs was 
discouraged by GM technology. 
 
5.3.4 Citrus pest management researchers’ perceptions of the 
main driving factors which influenced Australian growers  
 
The main driving factors which influenced growers to switch from conventional 
(chemical) control to IPM and incorporate commercial BCAs are discussed below:  
 
Most of the researchers (5/9) reported that pesticide resistance is the main reason for 
growers to switch from chemical pest control to an IPM approach. One of them noted that 
when insecticides are withdrawn growers are forced to switch to IPM.  
 
A few of the interviewed researchers (3/9) also stated that effectiveness is another driving 
factor. The commercial BCA needs to provide evidence that it works and it is as effective 
as the conventional chemical method. This indicates that growers are always looking for 
cheap and effective practices. If any practices failed to meet these criteria then growers 
will try to find a new one, which is satisfactory.  
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Often some forward thinking growers just fundamentally believe that it is better to use 
less pesticide. A few of the researchers (3/9) pointed out that those growers become more 
aware of their pests and the beneficial insects. They are aware of the impact of pesticide 
applications and look for alternatives. In terms of education interviewed researchers (2/9) 
believed that educated growers tend to adopt IPM more easily than uneducated growers. 
Perhaps generational shift is another driver believed by a few researchers (2/9). Younger 
growers more easily adopt IPM. Thus education, generational shift and forward thinking 
of growers influence the adoption of commercial BCAs.  
 
A few of the researchers (3/9) pointed out that legislation has a big impact on growers 
switching to IPM programs. They stated that certain regulations are already in place such 
as the government’s rigorous regulations regarding residues. Growers may want to use 
certain chemicals but the active ingredients are not now registered for use. If their crops 
are detected with these residues then they will not be able to sell their products.  
 
One of the reasons for IPM use are the purely market demands that may be for the 
domestic or export market. For a marketing reason growers would like to reduce 
insecticide use (e.g., European market) or they might like to increase it for other markets 
(e.g., USA/Asian market) that is looking for blemish free fruit and vegetables. 
Researchers also stated that growers switch to IPM only for economic reasons.  
Legislation, market demands, economics and the human health aspect are all factors in 
the decision to use commercial BCAs. Only a few of the interviewed researchers (2/9) 
said that there are some growers who genuinely want to use less pesticide possibly for 
personal health reasons. 
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5.3.5 Citrus pest management researchers’ recommendations 
for the expansion of this industry 
 
Often collaborative research enhances the expansion of the insectary industry. The 
majority of the researchers (7/9) were more likely to believe that some collaborative 
research is certainly possible. Without collaboration there may not be much expansion of 
the Australian insectary industry. Most of them (5/9) also noted that if the government 
research organisations work with insectary owners then that will certainly help and not 
only maintain quality, but also improve quality.  
 
In terms of expertise, nearly half of the researchers (4/9) said that insectary owners do not 
need to work with researchers because insectary owners are well educated enough to 
know how to run their own systems.  
 
The insectary companies’ size is also important for further expansion of the industry. 
Most of the interviewed researchers (5/9) noted that the Australian insectary companies 
are small in size but if they were larger, their production systems will be presumably 
cheaper and the products more cost effective. This could help the expansion of the 
industry. One of them said that the size of the company is not important but the way they 
do the marketing is important. Nearly half of the researchers’ (4/9) pointed out that only 
consumers can help to promote commercial BCAs in the Australian farming system. It 
will allow the insectary industry to further expand and increase their market share relative 
to just pesticide sales. This result indicates that both companies’ size and marketing can 
enhance the expansion of the insectary industry.  
 
In terms of legislation, a few of the researchers (3/9) pointed out that the government can 
legislate to encourage less frequent use of pesticides. Pesticide restrictions may be placed 
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on many uses and this restriction may have influenced the uptake of commercial BCAs. A 
few of them (2/9) said the government support with the infrastructure of the insectary 
companies is very important especially with the initial investment.  
 
Education and extension largely influence the adoption of commercial BCAs. A few of 
the researchers (2/9) said that a representative of an organisation or extension officer 
needs to be aware of the options. The extension officers who deal with the growers need 
to have an understanding of the education and awareness of the growers about what is 
available or what the opportunities are or what IPM is all about. Interviewed researchers 
also believe that if a researcher or extension person shows that it is a specific technology, 
and shows the technology is a proven method, that gives a grower more confidence when 
using the technology. The extension people require education about IPM or commercial 
BCAs because they are the agents to change growers’ attitude and establish growers’ 
confidence in IPM or commercial BCAs.  
 
Interviewed researchers (2/9) said that habitat or ecosystem management is one of the key 
factors that enhance commercial BCAs effectiveness and influence the adoption of 
commercial BCAs in IPM program. When a grower puts commercial BCAs in a harsh 
environment then they will last a relatively short time and then die. It is hard to sustain 
the population when evident biometrics (food sources, alternative prey, pollen, nectar and 
habitat for egg laying) does not support them at all. This result places emphasis on habitat 
management which enhances natural enemies as well as commercial BCAs. 
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5.4 Discussion  
 
Researchers were unified in their views on the need for augmentative biological control 
and a viable insectary industry. This result is consistent with other researchers’ findings 
that within the agriculture system the natural biological control agents are either absent or 
failed to control the pests. This is due to several factors such as climatic and geographic 
conditions, or lack of host or lack of food or developmental timing and cropping systems 
(Obrycki et al., 1997; Wissinger, 1997; Sivinski, 2013). Some researchers preferred 
naturally occurring biological control agents as the first option especially for outdoor 
crops. Certain ecological limitations such as an environment unfavourable for commercial 
BCAs, timing of releases and pest-commercial BCA incompatibility may make 
commercial BCAs less effective (Collier and Steenwyk, 2004; Sigsgaard, 2005). Kelly’s 
citrus thrips, for example, is a serious citrus pest in Southern Australia, New Zealand and 
several countries in the Mediterranean Region. Perhaps climatic or geographic conditions 
or their natural enemies are absent in other parts of Australia due to the lack of hosts 
(Baker et al., 2011). In addition, a high proportion of agricultural insect pests are exotic 
species because they were introduced into Australia. The Silverleaf whitefly is a serious 
pest in different crops but no effective natural parasitoids are available in Australia 
because this pest was introduced in the early 1990s (DeBarro and Coombs, 2009).  
 
It is necessary to discuss IPM adoption here first because commercial BCAs are always 
used within an IPM program as an IPM tool. 
 
Researchers expressed a range of views about the definition or meaning of IPM and this 
meaning has a large influence on the adoption of IPM. The adoption of IPM by growers is 
also influenced by several other factors such as the cropping system, pests, natural 
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enemies, and geographic location of the system. In one region, such as in Italy, the olive 
industry has been considered as suitable for IPM. In other production areas of the world 
such as in Australia, with low adoption of IPM, it was related to factors such as the 
diversity of olive agroecosystems (New, 2002). Similarly, in some cropping systems or 
geographic locations or for some pests, the use of pesticides is inevitable because there 
are no effective alternatives such as IPM (Furlong et al., 2008; Zalucki et al., 2009). All 
of these factors need to be considered when assessing the adoption of IPM and 
commercial BCAs.  
 
Interviewed researchers also said that often market destination influences growers to use 
or not to use pesticides and to adopt IPM. Recently the citrus industry became export 
oriented and different markets require different quality especially in fresh products. Other 
researchers  noted that often fresh market fruit is not allowed to have the same level of 
damage, especially cosmetic damage, as fruit for processing (Urquhart, 1999; Kaine and 
Bewsell, 2008). As a consequence, growers do not have a choice other than the use of 
pesticides. Conversely, many export markets ordered growers to change their chemical 
based pest control practices to an IPM program. This is because of the requirements of 
certain levels of pesticide residue limits in their fresh produce. Therefore, the adoption of 
IPM may be influenced positively or negatively by the export market. 
 
The use of selective insecticides in IPM is another important factor that influences the 
uptake of commercial BCAs in IPM programs. Selective insecticides with commercial 
BCAs work well together, although sometimes have a negative effect on non-target 
species. This result is consistent with that of other researchers who found that selective 
insecticides sometimes kill or change the behaviour or effectiveness of these non-target 
species of biological control agents (Horne et al., 2008; Gentz et al., 2010). Perhaps 
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selective insecticides make commercial BCAs’ effectiveness questionable. Many 
researchers reported that the combined use of selective insecticides and commercial 
BCAs to control agricultural pests have created complicated issues in IPM because 
selective insecticides may have toxic effects on other biological control agents (Holt and 
Hochberg, 1997; Dent, 2000; Devine and Furlong, 2007; Gentz et al., 2010). This may be 
one of the factors that deterred growers from using commercial BCAs in an IPM 
program.  
 
Interviewed researchers said that insecticide resistance is the main driving factor that 
influences growers to switch from chemical pest control to an IPM program and adopt the 
commercial BCAs. This result is consistent with other results that identified insecticide 
resistance as one of the main driving factors for the adoption of commercial BCAs and 
which are recognised around the world (van Lenteren and Bueno, 2003; Pilkington et al., 
2010; Cock et al., 2010). In Australia, one of the major pests, red scale (A. aurantii) in 
citrus crops developed organophosphate resistance in the 1990s (Collins et al., 1994; 
New, 2002). Afterwards, Australia developed a successful IPM program for the citrus 
crops and incorporates commercial BCAs (New, 2002).    
 
Effectiveness of the commercial BCAs is an important factor which may drive the 
Australian insectary industry expansion. Other studies have found it necessary to prove 
that commercial BCAs effectively control pests (van Lenteren and Bueno, 2003; 
Pilkington et al., 2010; van Lenteren, 2012; Rebek et al., 2013). Some researchers 
doubted commercial BCAs’ effectiveness compared with pesticides (Collier and 
Steenwyk, 2004). This inconsistency can be explained by one of the interviewed 
researcher’s comments who said that many entomologists did not believe that biological 
control actually works because they did not have practical field based experience.  
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The industry needs to produce cost effective products for its expansion. Many studies 
found that commercial BCAs carry a higher cost than chemical pesticides in either direct 
costs or indirectly. This result is consistent with other researchers’ findings that the labour 
of monitoring and releasing, or using commercial BCAs with pesticides, is more 
expensive than pesticide application alone  (Olsen et al., 2003; Collier and Steenwyk, 
2004; Moser et al., 2008). Often selective insecticides are more expensive than broad-
spectrum insecticides and using commercial BCAs with selective insecticides makes it 
expensive. Other researchers argued that the cost of the commercial BCAs were 
significantly less important factors in terms of adoption (Wawrzynski et al., 2001). 
Perhaps cost is less important to growers when only one option is available that is 
expensive but very effective.   
 
Growers’ attitude is an important factor in the adoption of commercial BCAs. This result 
is consistent with other researchers’ findings in Australia and overseas that adoption of 
new technology was hindered by the growers’ perceptions or attitudes of increased risk 
because any change is stressful. This has significant influence on the growers’ decision 
making process (Feder et al., 1985; Pannell et al., 2006; Horne et al., 2008). This 
consistency indicates that growers’ attitudes are similar around the world. Many 
researchers pointed out that growers could overcome risk if growers can trust commercial 
BCAs. They could be willing to experiment and adopt commercial BCAs into their IPM 
program (Trumble, 1998; Moser et al., 2008; Horne et al., 2008). 
 
This result shows that the cropping system may be one of the main barriers for the 
expansion of this industry.  In Australia, the broad acre cropping system is the biggest 
cropping system compared with the much smaller greenhouse cropping system. Previous 
studies revealed that IPM is not adopted or little-adopted by broad acre cropping growers 
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for pest management in Australia (Williams and Il'ichev, 2003; Horne et al., 2008). In 
many broad acre cropping systems IPM is not well developed. Perhaps using commercial 
BCAs and IPM in broad acre cropping is not very cost effective because of other 
expenses such as monitoring and releasing of commercial BCAs. This might be one of the 
economic limitations.  
 
Organic growers are apparently not buyers of commercial BCAs in Australia. Many 
researchers, and the national and international guidelines, recommend the use of 
commercial BCAs for pest management in organic farms (Horne, 2007; Neeson, 2007; 
Zehnder et al., 2007; Madge, 2009). However, organic growers are described as ‘non-
users’. Other studies found that organic growers use insecticides that are registered for the 
organic system to control pests or use conservation biological control to manage the 
cropping system (Furlong et al., 2004; Macfadyen et al., 2009). Organic growers may 
accept certain levels of crop damage because growers get higher pay for organic produce 
than for normal crops (Monk, 2012). This result indicates that perhaps organic growers 
were not aware that commercial BCA is another option for their pest control.  
 
To develop a new commercial BCA is one of the major barriers in Australia. The 
Australian insectary industry does not have the capacity to conduct this type of applied 
research. This industry is dependent on the public agencies and the universities for 
research in Australia. Survey of the North American insectary industry revealed that it 
was difficult to find a researcher who is willing to do the research to develop a new 
commercial BCA. Most of the researchers prefer classical biological control research 
because if successful then there is no need for further investment (Warner and Getz, 
2008). This type of applied research has been reduced in North America due to a lack of 
funding (Warner, 2007). The Australian researchers perhaps face similar problems. This 
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study revealed that the current rules and regulations make it harder to bring a new 
commercial BCA into the market. Many researchers perceived that restriction of 
international movement of live arthropods created barriers to augmentative biological 
control (Warner and Getz, 2008; Cock et al., 2010; van Lenteren, 2012). Despite this 
restriction one of the exotic species, a parasitoid, Eretmocerus hayati, shipped from Texas 
to Australia and released in the late 2004 for host range testing and evaluation, has been 
developed as a commercial biological control agent (Goolsby et al., 2005; DeBarro and 
Coombs, 2009). Currently this parasitoid is available in the Australian commercial BCAs 
market to control Silverleaf whitefly (an introduced pest in Australia) (Bugs for Bugs, 
2015). Interviewed researchers pointed out that in Australia, most of the pests are 
introduced and the endemic natural biological control agents could not control them. It is 
necessary to introduce some exotic species of commercial BCAs. Insectary owners need 
collaboration to develop a commercial BCA. They need to follow the multi-target 
approach to develop a commercial BCA that controls a key pest of multiple crops or 
controls multiple key pests in a particular crop or different crops.   
 
Interviewed researchers recommend the same recommendations as other studies do. 
Growers are largely influenced by consultants. In Australia, extension provides 
information, distributed collectively, rather than one-on-one general extension services, as 
in the past and which was perhaps more useful. Some researchers noted that extension 
officers need to show how the commercial BCAs can be integrated with other crop 
management options within a farming system (Williamson, 1998; Wawrzynski et al., 
2001; Horne et al., 2008; Kaine and Bewsell, 2008; Warner and Getz, 2008). Several 
studies have revealed that the failure to adopt IPM largely depended on  the lack of  
growers’ education and extension services (Malone et al., 2004; Kaine and Bewsell, 
2008). Interviewed researchers recommended that extension officers needed training 
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about IPM and that training programs should show how they can change growers’ 
attitudes and practices.  
  
In terms of legislation as a driving factor, interviewed researchers recommended that 
pesticide restriction may enhance the uptake of commercial BCAs. Many countries such 
as those in the European Commission actively encourage the uptake of low input or 
pesticide-free agriculture. The United Kingdom’s “Pesticides Safety Directorate” reduced 
the registration fees in 2006 for biopesticides to promote the uptake of biological control 
by growers (Pilkington et al., 2010; van Lenteren, 2012). Many countries have withdrawn 
hazardous pesticides or levy pesticide taxes to promote commercial BCAs (Cannell, 
2007; van Lenteren, 2012). Interviewed researchers recommended that the industry needs 
financial support from the Australian government. Other studies recommended that it was 
necessary to create small business loan programs to assist this industry not only for 
infrastructure but for business expansion or quality improvement (Warner and Getz, 
2008). In many countries such as Brazil, China, Colombia, Mexico and Peru commercial 
insectaries and government funded insectaries are operated (van Lenteren and Bueno, 
2003). Perhaps the Australasian Biological Control Association Inc. could join with other 
related associations and form a lobby group to try to convince the government to act.  
 
Consumers’ awareness is very important because this driver can change the entire supply 
chain. Interviewed researchers identified supermarket roles, IPM certifications, and 
consumers’ awareness. This awareness is not only important in the citrus industry but also 
in other industries as well. Consumers can create market pull that changes the growers’ 
thinking about the use of pesticides (Pilkington et al., 2010; van Lenteren, 2012). In 
Europe, to increase the public awareness the non-government organisations (NGOs) 
educate the public about pesticide contamination and to demand higher food standards 
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(Cannell, 2007). In addition, in Canada survey results revealed that consumers preferred 
foods produced using biological control than those using synthetic pesticides (Cannell, 
2007; McNeil et al., 2010). In this study, researchers’ complained that in Australia there 
is no such type of encouragement and supermarkets and industries were reluctant to 
promote IPM.   
 
In terms of the ways of pest management, this result is consistent with  many researchers’ 
recommendations such as conservation biological control and sustainable agro-
ecosystems which withstand pest and disease problems (Lewis et al., 1997; van Lenteren 
and Bueno, 2003). In addition, it is important to focus on the whole problem not only a 
small piece of it. Researchers often focus on a single pest where other pests were present. 
Often they focus on research rather than implementation. As a result chemical based 
control still works and IPM is still represented as a partial solution to pest management 
(Olsen et al., 2003; Cumming and Spiesman, 2006; Horne et al., 2008). 
 
5.5 Conclusions  
 
This study shows that commercial BCAs are a valuable tool in IPM. Insecticide resistance 
is working as a main driving force for growers to switch from conventional pest control to 
IPM programs that incorporated commercial BCAs. Several other factors make notable 
influences on growers as well. The Australian insectary industry as a small scale operator 
faces major challenges to bring a new commercial BCA into the market. Several areas 
needed further research such as selective insecticide use in IPM and commercial BCA use 
in organic cropping systems. Interviewed researchers made several recommendations. It 
is necessary for these recommendations to be considered and to create more favourable 
conditions for commercial BCAs and the Australia insectary industry expansion. 
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Chapter 6: Citrus growers’ interviews and 
surveys 
 
 
This chapter focuses on citrus growers to understand the Australian growers’ attitudes 
towards the use of commercial biological control agents (commercial BCAs) or 
augmentative biological control which is one of the important tools in Integrated Pest 
Management (IPM). Citrus was the first crop in Australia on which commercial BCAs 
were used and citrus growers remain key stakeholders in the Australian commercial 
insectary industry. 
 
This chapter addresses the specific Objective 3 (Chapter 1 and Chapter 3, Figure 3.2): 
 
To examine the viability of the commercial insectary industry in Australia with 
particular reference to its use in the citrus industry and identify citrus growers’ 
attitudes towards the use of commercial BCAs. 
 
The experiences and views of the citrus growers about their adoption of commercial 
BCAs were considered. The chapter presents different factors which influence the 
adoption process.  
 
To address this, the author first interviewed a small sample of citrus growers to 
understand the range of views. From this a questionnaire was developed for a national 
survey. This survey was aimed at generating quantifiable reliable data to understand the 
perspectives of the larger population of the citrus growers in Australia. Despite significant 
efforts to recruit respondents, there was a low response. Only 72 respondents participated 
in the national survey. Therefore in most instances data were analysed qualitatively. 
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6.1 Introduction 
 
Previous studies have shown that the adoption of agricultural technology is a decision-
making process which depends on how growers perceive technology (Makokha et al., 
1999; Chi and Yamada, 2002; Akudugu et al., 2012). This in turn depends on economic, 
social, institutional and environmental factors that influence the process of adoption 
(Chaves and Riley, 2001; Moser et al., 2008). Key factors include the relative advantage 
of a new practice over existing practices. Characteristics of the technology itself affects 
how easily the landowner can learn about its performance and optimal management 
(Pannell et al., 2006). Other studies focus on growers’ demographics, their enterprises and 
how growers’ attitudes influence how they respond to new technology (Kaine and 
Bewsell, 2008; Moser et al., 2008; Sadati et al., 2010). In Europe, for example, growers’ 
confidence in commercial BCAs was significantly enhanced because they were more 
aware of the positive aspects than the negative aspects (Moser et al., 2008). Often 
government support or rules influence the adoption of technology. Many European 
countries support growers to implement commercial BCAs in an IPM program. The 
Israeli government partially subsidised the packaging of commercial BCAs and offered 
free technical support at the beginning of the program (Moser et al., 2008). In a 
Californian citrus growers’ survey undertaken in 2010, the results showed that growers 
with larger citrus acreage and more education were more likely to use commercial BCAs 
(Grogan and Goodhue, 2012). These insights were incorporated into the design of the 
interview format and the survey questionnaire.  
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6.2 Methods 
 
This section describes the interviews of citrus growers and the survey of the larger 
community of growers. In this study, the term ‘users’ means those growers who purchase 
and use commercially produced biological control agents (arthropods or nematodes) to 
control insect and/or mite pests in their crops. The term ‘non-users’ means growers who 
do not currently use commercial BCAs. These terms will be used in both interviews and 
the survey. 
 
6.2.1 Citrus grower interviews 
 
Nine commercial citrus growers were interviewed. They were recruited through the 
insectary owners, Citrus Australia Ltd. and consultants. The method of selection involved 
the identification of 14 growers who were described as adults (over 18 years of age and 
growing citrus crop) and from different states in Australia.  Each was contacted briefly 
and then a list of ten citrus growers was compiled. Then the growers were interviewed 
until no new information or views were emerging from subsequent interviews which 
indicated that data saturation had been reached. This resulted in interviews from nine 
commercial citrus growers (including two citrus farm managers) conducted by the author 
in 2011.  
 
Ethics approval was granted by the University of Sydney Human Research Ethics 
Committee before the interviews commenced (Approval protocol No: 13278, 14th 
December 2010). Before conducting the interviews each respondent received a 
Participant Information Statement (PIS), consent form and cover letter (Appendix 3). 
Maintaining anonymity was achieved through de-identification and data aggregation. 
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Participation was entirely voluntary. Motivation to participate was stimulated by 
emphasising the relevance of the study to the future pest management system.  
 
Semi-structured interviews were conducted, four in person (face-to-face) and five by 
telephone. The same interview protocol was followed as described in Chapters 4 and 5. 
An interview pro-forma was developed based on different topics or areas such as 
general, economic, technological and institutional information, growers’ perceptions and 
their characteristics (demographics) (Appendix 9). Quantitative data were collected on 
general information, the economic situation of the farm and the growers’ characteristics. 
The remaining data were qualitative.  
 
The interviews had an average length of 52 minutes and were audio-recorded then 
transcribed using Express Scribe software (Express Scribe v 5.55© NCH). Before 
analysis, the transcribed text of the appropriate interview was sent to each interviewed 
grower for approval.  
 
 Analysis of Citrus growers’ interviews        
 
Theme analysis was conducted and followed the same procedure as described in 
Chapters 4 and 5 interviews. Text data were coded using NVivo 10.0 text analysis 
software using a structural coding approach (Namey et al., 2008). Each topic was coded 
as: GINFO for General information, EF for Economic factors, TC for Technology 
characteristics, GP for Growers’ perceptions, IF for Institutional factors and PC for 
Participants’ characteristics (demographics). Within a topic, each question was given a 
code name which contained a prefix for the topic and an identifier for the question such 
as: GINFO_farm ownership, EF_farm size, TC_familiarity with BCA, or GP_BCA 
features. The full lists of these codes are in Table 6.1.            
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Table 6. 1: Interview code (node in NVivo) descriptions. There were six topic codes and each 
topic code has a group of question codes. 
 
Code Code descriptions 
1. Code: GINFO General information 
GINFO_farm ownership  Citrus growers’ farm ownership. 
GINFO_farm management  
              experience  
Citrus growers’ farm management experience. 
GINFO_heard about BC Has citrus grower heard about biological control (BC)? 
GINFO_approach uses for pest  
              control 
Which approach (conventional or IPM) used for pest control? 
GINFO_currently use BCA Does grower currently use commercial BCA? 
2. Code: EF Economic factors 
EF_farm size Farm size. 
EF_pest management expenses Approximate pest management expenses.  
EF_source of income Is this farm the main source of income? 
EF_pesticide related sickness Has grower become sick as a result of pesticide use? 
EF_employees Full-time and part-time employees working on the farm. 
3. Code: TC Technology characteristics 
TC_familiarity with BCA Growers’ familiarity with commercial BCA. 
TC_commonly used BCA Most commonly used commercial BCA. 
TC_BCA used for pests Commercial BCA used for which pests? 
TC_training Does grower need training to use commercial BCA? 
TC_main problems Encounter any problems when using commercial BCA? 
TC_difficulties to use BCA and    
        pesticides together 
Encounter any difficulties when using commercial BCA and 
pesticides together? 
TC_time lapses between BCA  
and pesticide application 
Time lapses between pesticide application and use of commercial 
BCA. 
TC_successful BC experience Successful biological control (BC) experiences. 
4. Code: GP Growers’ perceptions 
GP_BCA features Main features of biological control agents (BCAs) that 
distinguish them from conventional tools. 
GP_BCA efficacy Growers trust in the efficacy of commercial BCAs. 
GP_reasons for BCA use or not Reasons for use of commercial BCAs. 
GP_profitable or risky decision Using commercial BCA is profitable or a risky decision? 
Gp_BCA cost more Do commercial BCAs cost more than pesticides? 
5. Code: IF Institutional factors 
IF_sources of information Sources of information on the topic of pest management. 
IF_help from government Does grower get any help from government? 
IF_convince to use BCA or   
      pesticide 
Which factors convinced growers to use commercial BCAs or 
pesticides? 
6. Code: PC Participants’ characteristics (demographics) 
PC_age groups Participants’ age group. 
PC_education Participant education level. 
PC_farm location Location of farm. 
PC_gender  Participant gender. 
PC_family members Participant family members working on the farm. 
 
This coding was used to generate NVivo queries which were used to interrogate the data 
and formed the basis for further analysis and interpretation. The coded data were then 
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categorised or classified according to the emerging themes where the meaning of 
responses was consistent and unambiguous. Through this process, all examples of each 
theme were pulled together so that the results from interviews could be interpreted for 
those themes.  
 
6.2.2 Citrus grower surveys              
 
Citrus Australia Ltd. was consulted to get support for a national survey of growers. 
Before conducting the survey ethics approval was granted by the University of Sydney 
Human Research Ethics Committee (Approval Protocol No: 14675, 19 April 2012). 
Motivation to participate was stimulated by emphasising the relevance of the study to the 
future pest management system. In the Participant Information Statement it was clearly 
stated that submitting a completed questionnaire is an indication of consent to participate 
in the study. 
 
Survey design 
 
After conducting the nine citrus grower interviews the survey (questionnaire) was 
developed. The following aspects were considered as suggested by other researchers 
(Escalada and Heong, 1997): 
 
1. The precision of the questionnaire phrasing,  
2. The clarity of the questionnaire instructions, 
3. The questions were in a coherent and logical sequence, 
4. The adequacy of the response categories. 
 
The final questionnaire was pilot-tested with the nine interviewed citrus growers who 
were asked to comment on whether any of the questions needed clarification. The survey 
consisted of 34 questions including YES/NO, multiple-choice, open-ended and Likert-
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type scale questions and completing tables of information. All questions were for 
commercial BCA ‘users’ and ‘non-users’ except Question 21, Question 28, Question 29, 
Question 31 and Question 32 for ‘users’ only and Question 27 and Question 30 for ‘non-
users’ only. The survey consisted of six topics or areas which were considered potential 
determinants for the adoption of a commercial BCA for pest management.  The topics 
were:  
 
 Section I       Participants’ characteristics (demographics), 
 Section II      Economic factors, 
 Section III    General information about citrus farm practices, 
 Section IV    Growers’ perceptions, 
 Section  V     Technology characteristics, 
 Section VI     Institutional factors. 
 
Each topic consisted of a group of questions. The rationale for including each variable in 
this study was explained in Chapter 3 (Research Methodology). A copy of the 
questionnaire is in the Appendix 10.    
 
Participants’ characteristics (demographics) 
The questionnaire Section I (Appendix 10) is focused on growers’ demographic 
information. Information was collected on the grower’s role, farm managing experience, 
level of education, age group, gender, number of employees and farm location. This 
section consisted of seven questions (Questions 1–7) (all of which were considered as 
variables) for both users and non-users. 
 
Economic factors  
The questionnaire Section II (Appendix 10), consisted of four questions (Questions 8–
11). Farm size, crop values, pest management expenses and crop losses were all 
considered as variables. These questions were for both users and non-users.   
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General information about citrus farm practices 
The questionnaire about the citrus farm Section III (Appendix 10), focused on the farm 
and farm practices and consisted of 11 questions (Questions 12–22). This includes crop 
varieties, market destination, intercropping, cover cropping (binary YES/NO), IPM tools, 
decision maker, economic thresholds and their measurement, using pesticides, using 
commercial BCAs and monitoring biological control agents. In this section all questions 
were included as variables. Question 21 was designed only for ‘users’ and the remaining 
questions were designed for both groups.   
 
Growers’ perceptions 
The questionnaire Section IV (Appendix 10), is focused on eight questions (Question 23–
30). Each question consisted of several statements (items) with a five-point Likert-type 
scaled question (Strongly Disagree-Strongly Agree). These questions were: requirements 
for IPM practices, pesticide use, effects of insecticide on biological control agents, 
insecticide application strategy, why citrus growers do not use commercial BCAs, what 
influences the decision making process, why citrus growers use commercial BCAs and 
non-user attitudes towards commercial BCAs. In this topic, Questions 27 and 30 were 
designed for non-users and Questions 28 and 29 were only for users. The remaining 
questions (Questions 23–26) were for both groups. In this section, some of the statements 
(items) were similar in different questions which interrogated the data reliability. In 
Question 27 some statements such as: not effective, too expensive and not profitable 
were used for non-users. The same statements were posed in a positive way in Question 
29 for users. Questions 28 and 29 used some common statements such as: ‘concerned 
about health risks’ or ‘safer for health’ and ‘concerned for the environment’ or ‘safer for 
the environment’.   
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Technology characteristics  
The questionnaire Section V (Appendix 10), is focused on the complexity of using 
commercial BCAs, using a five point Likert-type scaled (Strongly Disagree-Strongly 
Agree) question (Question 31) and the frequency of pesticide application in combination 
with commercial BCA using a binary (YES/NO) question (Question 32). These two 
questions were designed for users only. Question 31 used some common statements from 
Question 27 such as ‘labour-intensive’, ‘need a consultant’ and ‘training’.  
 
Institutional factors  
The questionnaire Section VI (Appendix 10), is focused on the sources of information 
using a binary (YES/NO) question (Question 33). It also asked about support from the 
government or other organisations using a five point Likert-type scaled (Strongly 
Disagree-Strongly Agree) question (Question 34). The two questions were designed for 
both groups.  
 
The online survey was created using Survey Monkey software. Multiple responses from 
the same computer were avoided by selecting appropriate options.   
 
Selection of Participants 
 
The survey web link, Participant Information Statement (PIS) and an invitation cover 
letter was sent to Citrus Australia Ltd. Then it was forwarded to their growers (1867 in 
total) on 22 June 2012 through their national email network. On 3
 
August 2012, a survey 
reminder letter was circulated through the email network of Citrus Australia Ltd. A 
survey invitation letter was published in the Australian citrus magazine “Australian 
Citrus News” (Volume 89, June/July 2012, Appendix 4). Then an invitation cover letter 
(2300 copies) of this survey was sent to the mail house of the Australian citrus magazine 
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“Australian Citrus News” (Appendix 5). They sent these copies of the handout to the 
citrus growers with this magazine (Volume 90, August/September 2012). This ensured 
that magazine subscribers who were not part of the e-mail network were alerted to the 
survey and increased the potential population size by almost 500 people compared with 
e-mail communication alone. To increase survey responses, the surveys (cover letter, 
questionnaires, PIS and self-addressed envelope) were also sent to the insectary 
companies, packaging sheds and some citrus growers who were willing to circulate the 
surveys. Clear instruction was given to the participants to ignore the survey if growers 
had already responded.  
 
Participants were also recruited through Citrus Australia’s three Regional Forums and 
Variety Days’ workshops in the Riverland (Waikerie, 18 March 2013) Sunraysia 
(Dareton, 20 March 2013) and the Riverina (Leeton, 22 March 2013). A list of contact 
details for 142 citrus growers was prepared based on searches of Google and the Yellow 
Pages (Australian Postal Services). Surveys were mailed to the citrus growers and then 
followed-up by telephone calls. Only a few numbers of growers were available for 
contact. Some of them had changed their telephone numbers. Others do not produce 
citrus anymore. Online data collection was closed in June 2013.  
 
Afterwards, all hard copy survey responses were collected from workshops and other 
sources and were entered manually into the Survey Monkey software. All of these hard 
copies as well as on-line surveys totaled 72 responses for analysis. 
 
Analysis of citrus grower survey  
 
The survey consisted of six topics or areas (Sections I–VI) as shown in Appendix 10. 
Each topic contained a group of questions. These topics were coded as: A for Section I, B 
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for Section II,  C for Section III, D for Section IV, E for Section V and F for Section VI 
for the analysis in SPSS software (Table 6.2).  The coded questionnaire was presented in 
Appendix 10. Each question was coded first by topic (A, B, C etc.) then question number 
such as A1, A2, B8, and F34. Some questions have several statements or item variables. 
These were coded by using the question code and then numeric code for that variable 
such as A1 1, B8 1, and F34 1. The codebook or questionnaire code description, number 
of responses and the analysis that was performed are in Table 6.2 under the headings: 
Participants’ characteristics (demographics), Economic factors, General information 
about citrus farm practices, Growers’ perceptions, Technology characteristics and 
Institutional factors. 
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Table 6.2: The codebook or questionnaire code descriptions, number of responses (n) and the 
analyses that were performed.  
 
Detailed questionnaire codes are in Appendix 10. 
Question 
codes 
 
Variable 
  types 
No. of 
responses 
(n) 
Description of 
variables 
 Coding  
 instructions 
Analysis 
performed 
A    Participants’ 
characteristics 
  
A1 Nominal 72 Growers’ role in orchards 1 = Owner, 2 = 
Manager, 
3 = Others 
Cross 
tabulation 
A2 Scale 71 Farm managing experience In years Compared 
means 
A3 Ordinal 72 Levels of education Each level was given 
a numeric code 
Cross 
tabulation 
A4 Ordinal 72 Age group of grower Each group was given 
a numeric code 
Cross 
tabulation 
A5 Nominal 72 Gender of grower 1 = Male, 2 = Female Cross 
tabulation 
A6 Ordinal 70 Number of employees Each range was given 
a numeric code 
Cross 
tabulation 
A7 Nominal 72 Farm location Each state was given a 
numeric code 
Cross 
tabulation 
B   Economic factors   
B8 Ordinal 72 Size of the farm Each range was given 
a numeric code 
Cross 
tabulation 
B9 Ordinal 70 Crop values per year Each range was given 
a numeric code 
Cross 
tabulation 
B10 Scale 61 Pest management cost per 
year 
In dollars (AUD$) Compared 
means 
B11 Ordinal 72 Level of crop losses and 
acceptable to the grower 
Each range was given 
a numeric code 
Cross 
tabulation 
C   General information 
about citrus farm 
practices 
  
C12 Ordinal 72 Percentage of crop types Each range was given 
a numeric code 
Cross 
tabulation 
C13 Ordinal 72 Market destination  of the 
crops 
Each range was given 
a numeric code 
Cross 
tabulation 
C14 Nominal 
(Binary) 
71 Intercrop citrus with other 
crops 
1 = NO, 2 = YES Cross 
tabulation 
C15 Nominal 
(Binary) 
72 Cover crops 1 = NO, 2 = YES Cross 
tabulation 
C16 Nominal 
(Multiple 
choice) 
 
58 
Type of IPM tools grower 
used 
Each variable was 
given a numeric code, 
1 = NO,  and 2 = YES 
Cross 
tabulation 
C17 Nominal 71 Decision maker of pest 
management 
1 = Owner, 2 = 
Manager, 
3 = Consultant, 4 =  
Owner and manager, 5 
= Owner and 
consultant, 6 = 
Manager and 
consultant, 7 =  Others 
 
Cross 
tabulation 
 
C18 Nominal 70 Follow economic 
thresholds 
1 = NO, 2 = YES, 3 = 
Don’t know 
Cross 
tabulation 
C19 Nominal 49 Measure economic 
thresholds 
1 = monitoring, 2 = 
visual check, 3 = fruit 
damage count, 4 = fruit 
doctor or consultants 
and 5 = others 
Text analysis 
(used 
Nvivo), then 
Cross 
tabulation 
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Question 
codes 
 
Variable 
  types 
No. of 
responses 
(n) 
Description of 
variables 
 Coding  
 instructions 
Analysis 
performed 
C20 Nominal 58 Pesticide use for pest and 
how often 
Each variable and 
each item was given 
numeric code 
Cross 
tabulation 
 
C21 Nominal 40 Commercial BCAs use for 
pest and how often 
Each variable and 
each item was given 
numeric code 
Frequency  
distribution 
C22 Ordinal 46 Monitoring biological 
control agents 
1 = Never, 2, 3, 4, 
5 = Always 
Cross 
tabulation 
D   Growers’ perceptions   
D23 Ordinal 66 Requirements for 
practicing IPM 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Cross 
tabulation 
D24 Ordinal 52 Why use pesticides 1= Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Cross 
tabulation 
D25 Ordinal 65 Effect of insecticides on 
biological control agents 
1= Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Cross 
tabulation 
D26 Ordinal 66 Insecticide application 
strategy 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Cross 
tabulation 
D27 Ordinal 31 Why not use commercial 
BCAs 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Frequency 
distribution 
D28 Ordinal 54 What influenced decision 
making 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Frequency 
distribution 
D29 Ordinal 44 Reasons for commercial 
BCAs use 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Frequency 
distribution 
D30 Ordinal 52 Non-users attitude towards 
commercial BCAs  
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Frequency 
distribution 
E   Technology 
characteristics 
  
E31 Ordinal 51 Complexity of commercial 
BCAs used 
1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Frequency 
distribution 
E32 Ordinal  
(Binary) 
52 Pesticide application 
frequency with 
commercial BCAs 
1= NO, 2 = YES Frequency 
distribution 
F   Institutional factors   
F33 Nominal 
(Binary) 
65 Sources of information 1 = NO, 2 = YES Cross 
tabulation 
F34 Ordinal 65 Organisations help 1 = Strongly Disagree, 
2, 3, 4, 5 = Strongly 
Agree 
Cross 
tabulation 
 
 
Each question was analysed separately using SPSS (IBM
® 
SPSS
®
 statistics, version 22.0) 
software.  
 
The classification of growers as ‘users’ and ‘non-users’ of commercial BCAs was an 
important and problematic component of the analysis. The questionnaire was designed to 
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separate them cleanly but analysis revealed anomalies that needed to be addressed to 
ensure reliable classification of users and non-users. The following paragraphs describe 
how this reliability was achieved. 
 
Responses were divided into two groups: users and non-users. They were based on the 
answers to several questions, namely B10, C16, C21, D27, D28, D29, E31, E32, F33 and 
F34. Among them, Questions C21, D28, D29, E31 and E32 were specially designed for 
those users who use commercial BCAs. The group of non-users do not use commercially 
produced BCAs. In this analysis, this categorical variable or nominal variable (in SPSS 
software) was coded as users = 1 and non-users = 2.  
 
The non-user group also included a few growers whose response to question D27 was that 
‘they have tried commercial BCA before but it was not effective’. Responses to other 
questions also indicated that they had used commercial BCAs in the past but did not use 
them now. In Question B10, a few growers gave expenses for commercial BCAs which 
were actually compost tea or other microbial biological control agents, not commercial 
BCAs. These growers were also classified as non-users. Question C16 was for growers 
who use IPM. Perhaps some growers did not use augmentative biological control 
(releases of biological control agents) or did not understand the term augmentative 
biological control. They ticked “YES” but other questions indicated that they do not use 
commercial BCAs. Growers were considered as non-users if they did not give 
commercial BCA expenses in Question B10 for pest management and the rest of the 
questions indicated that they did not use commercial BCAs.   
 
Some participant growers ticked “NO” in response to augmentative biological control in 
Question C16 but in question B10 they gave commercial BCA expenses for pest 
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management. In Question C21 they wrote that currently they use commercial BCAs. In 
the open-ended text boxes they wrote that they release insects. They also left out Question 
D27 and/or the rest of the Questions (D28, D29, E31, E32, F33 and F34), showing that 
they use commercial BCAs. They were classified as users.  
 
All the open ended comments were checked for relevancy then reported in the results 
section as text. When participants left out whole questions then these were automatically 
considered as missing data and were coded as number 99. When participants left out 
some of the question statements or items these were also considered as missing data and 
coded as number 99. Cross tabulation, frequency distribution and compared mean 
analysis were used where appropriate to the type of data collected from each question. 
Cross tabulation was used to report the differences between the users and non-users. 
Cross tabulation was the basic tool used to explore the relationship between the two 
groups of growers. Frequency distribution was used in questions C21, D28, D29, E31 and 
F32 to report users only and in questions D27 and D30 to report non-users only. 
Compared mean was used in scale data to report Questions A2 and B10.  
 
6.3 Results  
 
The results from the citrus growers’ interviews and national survey of the Australian 
citrus growers are combined to avoid repetition. Only the most relevant results are given 
in the following section. The remaining summary statistics that are referenced in the text 
are provided in Appendix 11. This is to make the central information clearer by avoiding 
the presentation of too much detail (Trochim, 2000).  
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Despite a concerted effort to recruit more respondents, only 72 participants completed the 
surveys which represented about 4% of the total population (approximately n = 2000) of 
Australian citrus growers. In order to assess whether this small sample was representative 
of the national citrus growers’ population, the sample data were compared to sparse 
national data available on the demographics of citrus growers and the financial and 
physical characteristics of citrus orchards. Data from this sample were similar to the 
national citrus grower population data in terms of age, gender, education, farm location, 
farm size and crop varieties. These results are broadly consistent with those found in 
other studies (Kaine and Bewsell, 2008; Sette et al., 2011).  
  
The responses to Questions B10, C16, C21, D27, D28, D29, E31, E32, F33 and F34 
identified users (35) and non-users (37) in a total of 72 participants. Among the non-
users, a subset (10) was identified who had used commercial BCAs in the past. In this 
study, they were considered as non-users because of their current pest management 
practices. They answered questions designed for both the users and the non-users. Some 
of the surveyed citrus growers did not answer every question because seven of them were 
for users or non-users only. The responses for individual questions ranged from 72 to 31 
(Table 6.2). 
  
This study systematically acquired data which explore citrus growers’ perceptions to the 
use of commercial BCAs in their orchards for pest management. This information will be 
valuable for the insectary and citrus industry as well as other horticultural industries in 
Australia. In both interviews and survey there were some differences found between the 
users and non-users. Qualitative analysis was performed with the interview data. In view 
of the low response rate in the survey there were few statistically significant differences 
found in quantitative analysis (Questions B8 and B9). It was useful and appropriate to use 
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these survey results to give qualitative inferences and inform recommendations. The 
resulting interpretation followed the “The National Foundation for Educational Research 
in England and Wales” guidelines (www.nfer.ac.uk/schools/developing-young-
researchers/how-to-present-your-results.cfm). In this section, abbreviations were used to 
interpret the result of Likert-type questions such as SD for Strongly Disagree, D for 
Disagree, U for Undecided, A for Agree and SA for Strongly Agree. 
 
This section does not follow the order of questions. The results from interviews and 
survey data were triangulated. This section presents triangulated results under six key 
themes which were identified from the citrus growers’ interviews. These themes were 
considered as potential determinants for the adoption of commercial BCAs for pest 
management. The six key themes became the subheadings (6.3.1, 6.3.2, 6.3.3 etc.) for the 
results of the interviews and survey (Table 6.3).  
 
   Table 6.3: Themes identified from analysis of interviews with citrus growers. 
Themes Name of the Theme 
6.3.1 Characteristics of growers (demographics). 
6.3.2 Farm practices relevant to pest management. 
6.3.3 Economic characteristics/factors. 
6.3.4 Institutional factors. 
6.3.5 Citrus growers’ perceptions of the main barriers towards the use of commercial 
BCAs. 
6.3.6 Citrus growers’ perceptions of the main driving factors towards the use of 
commercial BCAs. 
 
 
Users have bigger citrus orchards (more than 40 hectares of land under citrus crop), have 
more employees (11–20 or more than 20 full-time employees) and achieve more crop 
values per year (more than AUD$800,000). Non-users have smaller citrus orchards (less 
than 40 hectares of land under citrus crop), few employees (less than one to five 
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employees full-time) and achieve less crop values per year (AUD$100,000–200,000 per 
year). Repetition of these economic characteristics of users and non-users might also be 
found in the following sections (results interpretation) as well as the discussion because 
this study identified these economic factors as significantly different between users and 
non-users.  
 
6.3.1 Characteristics of growers (demographics) 
 
This section presents results from the citrus growers’ interviews and survey. The 
interview results from the nine citrus growers are shown in Table 6.4. The citrus growers’ 
characteristics include: growers’ role in the citrus orchards, citrus farm managing 
experiences, level of education, age, gender and location of the farm.  
 
The majority of the interviewed citrus growers (7/9) owned their farm and possessed 
university degrees (5/9) (Table 6.4). All of them were male and most of them (7/9) 
belonged to the 40–60+ age group. They were located in four different states with the 
majority in South Australia (4/9) and Queensland (3/9). The average length of time 
managing citrus farms was 15 years.  
  
 Table 6.4: The interviewed growers’ characteristics (demographics). 
Farm ownership Owner 
7 
Manager 
2 
   
Levels of education University 
5 
College 
2 
Secondary 
2 
  
Age group 20–29 
1 
30–39 
1 
40–49 
3 
50–59 
2 
60 + 
2 
Gender Male 
9 
Female 
0 
   
Farm location NSW 
1 
QLD 
3 
SA 
4 
VIC 
1 
 
Farm managing experience < 10 years 
3 
10–20 years 
3 
> 20 years 
3 
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The survey results of Questions A1, A3, A4, A5, and A7 are shown in Table 6.5. 
 
Most of the results in Table 6.5 showed that the distribution of users (35) and non-users 
(37) are similar. The results of the survey showed that the majority of citrus growers (n = 
72) were male (66) (A5), and owned their farm (52) (A1). They were evenly distributed 
among the age groups but the majority were between 50–59 years in two age brackets 
(12+14 = 26) (A4) (Table 6.5). This result is consistent with the proportion of male and 
female farmers (72% and 28%) nationally and the national farmers’ median age of 53 
years (ABS, 2011).  
 
All 72 survey participants had secondary education and the majority (users 22 and non-
users 24) had some form of tertiary education (A3) (Table 6.5). The education 
distribution of citrus growers in this study is broadly consistent with studies of other 
horticultural growers in Australia (ABS, 2003; Kaine and Bewsell, 2008).  
 
Non-users were somewhat more likely to own and operate their farm. Users (9) employed 
more managers than non-users (6). Slightly fewer users (7) possessed TAFE/Technical/ 
Agricultural college qualification than non-users (10). Survey respondents were from 
New South Wales (35) followed by South Australia (18), Queensland (8), Western 
Australia (6) and Victoria (5). No responses were received from the Australian Capital 
Territory, Northern Territory and Tasmania (A7). The participant citrus growers of this 
study represented the major citrus growing regions in Australia such as the Riverina 
(NSW), the Murray Valley (NSW and VIC) the Riverland (SA), Queensland (QLD) and 
Western Australia (WA) (Sette et al., 2011; ABS, 2011) (Table 6.5).    
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Table 6.5: The surveyed growers’ characteristics (demographics).               
 
Questions A1, A3, A4, A5 and A7.  (n = 72, Users, 35 and Non-users, 37) 
Variables n Missing Commercial BCAs       Total 
 Users  Non-users 
A1 
Grower’s role in orchards  
                                                  Owner 
                                               Manager 
                                                     Other 
                  Total                                    
72 0 
 
 
 
23 
9 
3 
35 
 
 
29 
6 
2 
37 
 
 
52 
15 
5 
72 
A3 
Levels of education  
                                              Secondary 
TAFE/Technical/Agricultural College 
                                            University  
                                                  Others                                 
                                                   Total 
72 
 
 
 
0 
 
 
 
 
 
13 
7 
15 
0 
35 
 
 
12 
10 
14 
1 
37 
 
 
25 
17 
29 
1 
72 
A4 
Age group                    
                                        25–29 years 
                                        30–34 years 
                                        35–39 years 
                                        40–44 years 
                                        45–49 years 
                                        50–54 years 
                                        55–59 years 
                                        60–64 years 
                                        65 and over       
                                                    Total 
72 0  
 
1 
2 
5 
5 
2 
6 
8 
4 
2 
35 
 
 
1 
0 
5 
5 
6 
6 
6 
4 
4 
37 
 
 
2 
2 
10 
10 
8 
12 
14 
8 
6 
72 
A5   
Gender       
                                                     Male 
                                                  Female                                                                                               
                                                    Total 
72 0  
 
31 
4 
35 
 
 
35 
2
37 
 
 
66 
6
72 
A7 
Farm location                 
          NSW                                                                
           QLD                                                                                                     
              SA                                            
            VIC                                                 
            WA                                            
         Total 
72 0  
 
16
5 
8 
2
4 
35 
 
 
19 
3
10 
3 
2 
37 
 
 
35 
8
18 
5 
6 
72 
 
 
The number of years of citrus growing experience ranged from a minimum of 4.5 to 63 
years (A2, n = 72–1 missing). The mean (Mean ± SE) citrus growing experience was 23.4 
± 1.6 years. There was a slight difference between user (22.1 ± 2.5) and non-user (24.6 ± 
2.1) groups. 
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6.3.2 Farm practices relevant to pest management  
 
This section presents combined results from interviews and survey for Questions C14–
C22 which varied in responses from n = 72 to n = 35 (Question 21 is for users only). It is 
likely that farm practices will influence the adoption of commercial BCAs. Intercropping, 
for example, can reduce the incidence of pests and diseases (Lithourgidis et al., 2011). It 
was important to collect data on various citrus farm practices. This section includes the 
following variables: crop types, intercropping, cover crops, IPM tools, decision making 
for pest management, economic thresholds and their measurement, use of pesticides, use 
of commercial BCAs, and monitoring biological control agents. 
 
Often intercropping influences the adoption of commercial BCAs. Intercropping increases 
plant diversity and interferes with pest host-finding. It enhances the natural population of 
predators and parasitoids, as well as the effectiveness of commercial BCAs by providing 
food and shelter. However, both interviewed and surveyed citrus growers reported that 
intercropping was not widely used among users or non-users (Appendix 11, Question 
C14, n = 72–1 missing).  
 
Only a few interviewed growers (2/9) were intercropping with other crops such as 
avocados and almonds. One of them reported that he mixes citrus with avocados:  
 
“We have a large mixture of citrus and avocados and we have a mixture of mainly 
Navel oranges with some mandarins.” 
 
The majority of the interviewed growers (7/9) have a mixture of different varieties of 
citrus. According to the soil types they planted different varieties such as limes, lemons, 
oranges, mandarins, navel oranges, valencia oranges and grapefruit within the orchard.  
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One of them said that:  
 
 “We do vary the species, all the varieties within the orchards. So over the orchards 
we may have in one line four or five different varieties.”   
 
 
The relationship between intercropping and the adoption of commercial BCAs is not 
clear.  Intercropping is not a well-researched management tool in citrus crops.  
 
Cover crops provide food and shelter to natural biological control agents and commercial 
BCAs. They increase parasitism and predation and reduce pest management inputs. In 
this study, cover crops were widely used among the surveyed growers, with the vast 
majority using grasses (Appendix 11, Question C15, n = 72). Almost equal proportion of 
users (23) and non-users (22) used grasses as cover crops. More non-users used clovers as 
a cover crop (11) or kept bare earth (10) than users (clover, 4, or kept the earth bare, 7).  
Growers used grasses as cover crop for various reasons not only to enhance natural 
biological control agents or enhance commercial BCAs’ effectiveness. Users were more 
likely to avoid clover as cover crops because different pests get benefit from these plants 
such as light brown apple moth. A few users kept the earth bare which indicates that they 
did not maintain a favourable environment for biological control agents.   
 
The majority of the interviewed citrus growers (6/9) used commercial BCAs such as 
Aphytis spp. One user reported not needing to use chemical pesticides because there were 
lots of naturally occurring biological control agents (such as ladybirds, praying mantids, 
predatory mites and assassin bugs) on top of commercially released Aphytis spp. The 
remaining interviewed growers (3/9) either used chemicals or microbial biological control 
agents for disease control. The survey question (Table 6.6, Question C16) asked citrus 
growers about the use of different pest control techniques in IPM. Only 58 respondents 
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answered Question C16 and the distribution of users and non-users was 34 and 24 
respectively.  
 
The vast majority (45) used conservation biological control (C16 2) and users (29) are 
more likely to use this strategy than non-users (16). Conservation biological control is 
modification of the environment or existing practices to protect and enhance natural 
enemies or organisms to reduce the effect of pests. Similar numbers of users (22) and 
non-users (17) used chemical control (C16 3). Almost all participants (48) used 
monitoring. Only two of the users did not use monitoring (out of 31), and none of the 
non-users (out of 19). A similar trend was evident with insect traps, the users (21) and 
non-users (13) using them. A few of the surveyed citrus growers (in a total of 10 for users 
and non-users) used cultural practices (such as crop rotation or tillage). 
 
The augmentative biological control (augmentative biological control is the method 
where commercial BCAs are introduced periodically to suppress the pests) showed 
contradictory results possibly because of the lack of understanding of the term. Some of 
the commercial BCA users ticked “NO” (five responses) and some other non-users ticked 
“YES” (five responses). In both cases these data were not included for this question (C16 
4) analysis. This result demonstrates that growers used most of the pest control techniques 
in IPM but the question remains as to what level they practice these techniques.  
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Table 6.6: Different IPM tools used by the citrus growers (n = 72, Users, 35 and Non-users, 37). 
Question C16 (n = 58, Users, 34 and Non-users, 24) 
Variables n Missing    Yes No    Total 
C16 1 
Cultural control                    Users 
                                           Non-users 
                                                Total 
38 34  
6 
4 
10 
 
18 
10 
28 
 
24 
14 
38 
C16 2 
Conservation biological 
control                                    Users 
                                         Non-users 
                                                Total 
51 21  
 
29 
16 
45 
 
 
1 
5 
6 
 
 
30 
21 
51 
C16 3 
Chemical control                   Users 
                                         Non-users 
                                                Total 
49 23  
22 
17 
39 
 
6 
4 
10 
 
28 
21 
49 
C16 4 
Augmentative biological  
control                                    Users 
                                         Non-users 
                                                Total 
10* 
26 
36 5* 
 
19 
0 
19 
5* 
 
0 
7 
7 
10* 
 
19 
7 
26 
C16 5 
Monitoring                            Users 
                                        Non-users 
                                               Total 
50 22 
 
 
 
29 
19 
48 
 
2 
0 
2 
 
31 
19 
50 
C16 6 
Insect traps                            Users 
                                         Non-users 
                                                Total 
41 31  
21 
13 
34 
 
4 
3 
7 
 
25 
16 
41 
C16 7 
Others                                    Users 
                                        Non-users 
                                               Total  
18 54  
4 
4 
8 
 
4 
6 
10 
 
8 
10 
18 
   *Excluded from the analysis. 
 
Users were more likely to perceive that the use of a consultant is important for making 
pest management decisions (Question C17, n = 72–1 missing). Users had a wide variety 
of decision makers such as owner and consultant (11), owner and manager (6), owner (6), 
manager (5), or manager and consultant (5). In contrast, most non-users (22) made their 
pest management decision by themselves (Figure 6.1). Perhaps they could not afford to 
hire a consultant because they were a small farm owner and achieve less money than the 
user growers. Pest management decision making is strongly dependent on economic 
factors.  
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Figure 6.1: The decision maker for citrus pest management (Question C17, n = 72–1 missing). 
The numbers shown above each bar indicates the number of responses. 
 
The economic threshold is an essential component in making a pest management 
decision. Almost all of the surveyed citrus growers (Question C18, n = 72–2 missing, 
users, 34 and non-users, 36) followed economic thresholds (52) when they make pest 
management decisions. Compared with the non-users (25) slightly more users (27) 
followed economic thresholds (Appendix 11, Question C18 for detailed summary 
statistics). Most of them (users and non-users) measured economic thresholds by 
monitoring (29 out of 49 respondents), while a few of them depended on consultants (7). 
Slightly more non-users (16) used monitoring than users (13) (Appendix 11, Question 
C19 for detailed summary statistics). Economic threshold is an important factor for any 
type of pest management, chemical pesticide or IPM based and users follow economic 
thresholds because success or failure of commercial BCAs is dependent on it.   
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The survey question C20 (n = 58, users, 30 and non-users, 28) asked citrus growers about 
use of different types of chemicals used in pest control. Chlorpyrifos (organophosphate) 
is a broad spectrum, non-selective insecticide and a widely used chemical by the surveyed 
citrus growers (totalling 38, users, 18 and non-users, 20).  Non-users are more likely to 
used broad spectrum insecticides including: Ambush (permethrin) (2), Diazinon 
(organophosphate) (1) and Fipronil (phenylpyrazole) (1). In contrast, selective 
insecticides such as Movento (spirotetramat) (11), Petroleum oils (21) and Spinosad 
(organic insecticides) (5) were chosen by users. Users choose selective insecticides which 
are strongly associated with the use of commercial BCAs.  
 
The survey provided understanding about the use of chemical pest control by citrus 
growers. Reasons given for the use of chemical pesticides by both users and non-users 
were to prevent damage: direct, cosmetic or both (Question D24, n = 58, users, 29 and 
non-users, 29) (Appendix 11, Question D24 for detailed summary statistics). This result 
indicates that commercial BCAs are not able to provide the level of pest control that 
citrus growers expected.  
 
There was a wide acceptance of the need for chemical insecticide use by both users and 
non-users but they were both less likely to apply them according to a calendar or schedule 
(Question D26, n = 66, users, 32 and non-users, 34) (Appendix 11, Question D26 for 
detailed summary statistics). The surveyed users generally agreed (A and SA) that they 
applied insecticides when pests met economic thresholds (22) but they rotate the 
insecticides based on their modes of action (22) and site specific application (29). Non-
users tried to reduce use of insecticides by variable rate (13) and site specific application 
(28).  
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The survey question C21 (n = 40, users, 32 and non-users, 8) asked commercial BCA 
user growers only to reply, but eight non-users answered. These eight were not 
considered. All user respondents (32) used Aphytis spp. (wasp parasitoid) to control red 
scales. A few of them (2) also used Cryptoleamus montrouzieri (predator) to control 
mealy bugs and scale insects. Two user growers used Mallada signata (green lacewing) 
to control Kelly’s citrus thrips and light brown apple moth. The growers who do not use 
C. montrouzieri and M. signata or other commercial BCAs for citrus pests do not know 
about them or they are not very effective or too expensive. 
 
Monitoring of biological control agents is a crucial part of using commercial BCAs. Both 
users and non-users were likely to find the biological control agents such as parasitoid 
wasps, predatory ladybirds, mites and lacewings (Table 6.7, Question C22).  
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Table 6.7: Citrus growers who found biological control agents in their orchards when they 
monitored their orchard (n = 72, Users, 35 and Non-users, 37). 
 
Question C22 (n =46, Users, 26 and Non-users, 20) 
Variables  n Missing Never Rarely  Sometimes Very 
often 
Always  Total 
C22 1  
Found parasitic wasps  
                                   Users 
                            Non-users 
                                   Total 
45 
 
 
 
 
27 
 
 
 
 
 
 
1 
1 
2 
 
 
2 
0 
2 
 
 
5 
5 
10 
 
 
12 
9 
21 
 
 
6 
4 
10 
 
 
26 
19 
45 
C22  2 
Found predatory 
ladybirds  
                                   Users 
                            Non-users 
                                   Total 
41 
 
 
 
 
31 
 
 
 
 
 
 
 
0 
0 
0 
 
 
 
2 
0 
2 
 
 
 
7 
6 
13 
 
 
 
9 
7 
16 
 
 
 
5 
5 
10 
 
 
 
23 
18 
41 
C22 3  
Found predatory mites  
                                   Users 
                            Non-users 
                                   Total 
35 
 
 
 
 
37 
 
 
 
 
 
 
1 
0 
1 
 
 
2 
1 
3 
 
 
5 
3 
8 
 
 
11 
6 
17 
 
 
4 
2 
6 
 
 
23 
12 
35 
C22 4  
Found hoverflies  
                                   Users 
                            Non-users 
                                   Total 
32 
 
 
 
40 
 
 
 
 
 
 
7 
3 
10 
 
 
4 
3 
7 
 
 
3 
0 
3 
 
 
4 
5 
9 
 
 
1 
2 
3 
 
 
19 
13 
32 
C22 5  
Found lacewings  
                                   Users 
                            Non-users 
                                   Total 
44 28  
 
3 
1 
4 
 
 
1 
2 
3 
 
 
4 
4 
8 
 
 
9 
9 
18 
 
 
7 
4 
11 
 
 
24 
20 
44 
 
 
6.3.3 Economic characteristics/factors 
 
The summaries of survey response to Questions A6, B8 and B9 are in Table 6.8 and are 
about: number of employees, farm size, and average gross value of citrus production per 
year. The three questions have n = 70 (A6), n = 72 (B8) and n = 70 (B9).  
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Table 6.8: Summary statistics of the economic factors (number of employees A6, farm size B8 
and crop values per year B9) (n = 72, Users, 35 and Non-users, 37). 
 
Variables n Missing Commercial BCAs Total 
Users Non-users 
A6   
Number of  full-time employees        
        Less than  one employee  
                       1–5 employees 
                     6–10 employees 
                   11–20 employees 
       More than 20 employees 
                                             Total 
70 2  
 
6 
14 
4 
4 
5 
33 
 
 
10 
18 
4 
3 
2 
37 
 
 
16 
32 
8 
7 
7 
70 
B8   
Farm size         
          Less than 10 ha 
                    10–20 ha 
                     20–30ha 
                     30–40ha 
         More than 40 ha 
                          Total 
72 
 
 
 
0 
 
 
 
 
 
3 
6 
3 
2 
21 
35 
 
 
6 
11 
6 
2 
12 
37 
 
 
9 
17 
9 
4 
33 
72 
B9   
Crop value per year 
       AUD$100,000–200,000 
       AUD$201,000–300,000 
       AUD$301,000–400,000 
       AUD$401,000–500,000 
       AUD$501,000–600,000 
       AUD$601,000–700,000 
       AUD$701,000–800,000 
       More than AUD$800,000 
                                       Total 
70 
 
 
 
 
2 
 
 
 
 
 
 
8 
4 
1 
2 
2 
0 
1 
16 
34 
 
 
16 
5 
3 
2 
2 
1 
1 
6 
36 
 
 
24 
9 
4 
4 
4 
1 
2 
22 
70 
 
 
The number of employees is related to the adoption of commercial BCAs. Most of the 
interviewed citrus growers (6/9) have 1–7 full-time employees. Only a few of them (3/9) 
have more than ten full-time employees. In surveyed growers (Table 6.8, Question A6) 
the most common number of full-time employees per farm was 1–5 people (32, users, 14 
and non-users, 18). Sixteen growers (6 users and 10 non-users) have farms with less than 
one employee. Only 5 non-users have 11–20, or more than 20 employees and 9 users have 
the same number of employees.  
 
Farm size is an important factor that strongly influences the adoption of commercial 
BCAs. The majority of the interviewed user growers (6/9) have more than 60 hectares of 
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land under citrus orchards and non-users (3/9) have less than 30 hectares. The survey 
result (Table 6.8, Question B8) showed that slightly more growers have less than 40 
hectares of land (39, users, 14 and non-users, 25) under citrus orchards. This result was 
consistent with the national data (most of the citrus growers have less than 40 hectares of 
citrus orchards) (Sette et al., 2011). However, the remaining growers (33) with more than 
40 hectare of citrus orchards are more users (21) than non-users (12). This result was 
representative of the national data of 141 citrus growers (out of 1867 only 141 citrus 
properties were more than 40 hectares) (Sette et al., 2011). Bigger producers are users and 
more participated in this survey. Most of the non-users have small citrus farms and they 
were less likely to participate in this survey. This indicates that small farm owners are less 
likely to adopt commercial BCAs. They have fewer employees, could not afford a 
consultant or had other economic constraints.  
 
The adoption of commercial BCAs is largely dependent on the size of the farm. The 
survey of citrus growers (n = 70) gave estimated gross value per year of citrus production 
(Table 6.8, Question B9). Less than half of the surveyed growers (24) had an average of 
AUD$100,000–200,000 gross value per year from citrus production, while the other half 
(22) had more than AUD$800,000. This was not distributed equally between the users 
and non-users. The majority of users (16 out of 22) achieved over AUD$800,000 gross 
value per year. In contrast, the non-users (16 out of 24), achieved only AUD$100,000–
200,000 annual gross values. Users received higher gross value per year because they 
have a large farm but whether it was related to the use of commercial BCAs or not was 
inconclusive. This study did not attempt to analyse the costs and profits analysis. This 
was one of the limitations of this study.  
 
Source of income has a large impact on the adoption of commercial BCAs. Most of the 
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interviewed citrus growers (7/9) reported that the citrus farm was their main source of 
income. Some citrus growers inter-crop with other higher value crops to diversify the 
sources of income. One of them reported that: 
 
 “Because avocados are worth more money than citrus so I diversify into a different 
crop of avocados.  I planted avocados strategically in places that are frost free, that 
are high, that will produce good quality fruits; as a viable crop, as a crop that will 
make more money than citrus.” 
 
Growers intercrop higher value crops to support their income but they modify the total 
cropping system in terms of habitat. This might be reduced pest pressure or perhaps a 
different pest pressure than the citrus orchards alone. This is an important issue for the 
adoption of commercial BCAs.  
 
The summaries of survey responses given in Question B10 (Table 6.9), Question B11 
(Figure 6.2) and Question B13 (Figure 6.3) are about: pest management expenses, crop 
losses incurred each year and acceptable to the growers, and market destination.  
 
Pest management expenses may also affect the adoption of commercial BCAs. 
Interviewed user growers (6/9) spend on average AUD$8,000 on commercial BCAs and 
AUD$34,000 on chemical pesticides per year. On top of that they spend on average 
AUD$14,000 per year for a consultant. The surveyed users spent more on 
horticultural/mineral oils (AUD$8568±2733) and consultants (AUD$8144±2062) than 
the non-users (Table 6.9, Question B10). They spent slightly more on insecticides 
(AUD$13778±4450) and herbicides (AUD$10706±3145) than non-users 
(AUD$11080±4638 and AUD$8305±2129 respectively). On the other hand non-users 
spent more on miticides (AUD$12100±6809) and other tools (AUD$7400±6321) than 
users (AUD$4506±1856 and AUD$2384±1157 respectively). Users and non-users spent 
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somewhat similar amounts on fungicides, Bt and monitoring. Thus users use more on 
consultants and oils but non-users use more miticides. The expenses for the remaining 
tools did not vary greatly between users and non-users. One of the limitations of this 
study was not to calculate these expenses per hectare due to the lack of data. 
 
 Table 6.9: Pest management expenses for different IPM tools (n = 72, Users, 35 and Non-users, 
37). 
Question B10, (n = 61, Users, 28 and Non-users, 33) 
Pest management  
tools 
n              Mean expenses ±SE 
           (AUD$) 
B10  2 
Insecticides 
                                             
 
48 
 
 
 
 
        Users 
Non-users 
 
 
23 
25 
 
 
13778±4450 
11080±4638 
B10  3 
Fungicides 
                                            
44 
 
 
 
 
 
        Users 
Non-users 
 
 
20 
24 
 
 
13741±6940 
14050±7556 
B10  4 
Acaricides or Miticides 
                                            
15 
 
 
 
 
 
        Users 
Non-users 
 
 
8 
7 
 
 
  4506±1856 
12100±6809 
B10  5 
Herbicides 
                                            
54 
 
 
 
 
 
        Users 
Non-users 
 
 
25 
29 
 
 
10706±3145 
   8305±2129 
B10  6 
Bt (Dipel, Biobit, Condor etc) 
                                             
11 
 
 
 
 
 
        Users 
Non-users 
 
 
8 
3 
 
 
2215±700 
2500±289 
B10  7 
Oil (Horticultural/Mineral oils)   
35 
 
 
 
 
        Users 
Non-users 
 
 
18 
17 
 
 
  8568±2733 
                   3389±880 
B10  8  
Consultants                                     
                                               
 
21 
 
 
 
 
        Users 
Non-users 
 
 
14 
7 
 
 
 8144±2062 
 5614±2699 
B10  9 
Monitoring                                     
                                               
33 
 
 
 
 
 
        Users 
Non-users 
 
 
18 
15 
 
 
15487±6432 
14460±6819 
B10  10 
Others 
                                               
8 
 
 
 
 
        Users 
Non-users 
 
 
5 
3 
 
 
 2384±1157 
 7400±6321 
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Often crop type or crop varieties influence technology adoption. Almost all surveyed 
citrus growers grow oranges (69), and most of them (55) grow 51%–100% oranges 
(Appendix 11, Question C12 for detail statistics). The data are broadly consistent with the 
citrus industry statistics (www.oranges.com.au/industry/) where oranges (76%) were the 
most produced crop, than mandarins (16%) followed by lemons and limes (5.5%) and 
grapefruit (2.5%). In terms of each variety, both users and non-users grew almost the 
same proportion of citrus varieties except lime. More users (9) grew lime than non-users 
(3). This result reveals that choice of citrus variety does not have a major impact on the 
adoption of commercial BCAs.  
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Figure 6.2: Level of crop losses incurred each year and acceptable to the citrus growers (question 
B11) (n = 72, Users, 35 and Non-users, 37). The numbers shown above each bar indicates the 
number of responses. 
 
The use of commercial BCAs is associated with reduced crop losses (Figure 6.2, Question 
B11). Less than 5% crop losses were incurred each year by 25 surveyed citrus growers 
(users, 12 and non-users, 13) whereas, 28 growers (users, 16 and non-users, 12) incurred 
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crop losses between 5%–10% each year. More non-users (8) incurred 11%–15% crop 
losses each year than users (3). This result shows that users reduced crop losses by using 
commercial BCAs. Up to 10% crop losses were considered acceptable to many surveyed 
citrus growers (users, 33 and non-users, 30). One of the limitations of this study is that it 
did not calculate the actual losses per growers due to the lack of data.  
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Figure 6.3: Market destination of the citrus crop (Question C13), (n = 72, Users, 35 and Non-
users, 37). The numbers shown above each bar indicates the number of responses.  
 
Market destination can influence the use of commercial BCAs (Figure 6.3, Question 
C13). More users (18) sent 76%–100% of the crop to the fresh market than non-users 
(12). In contrast, a higher number of non-users (15) sent 51%–75% of the crop to the 
fresh market than users (9). Slightly more users (16) sent 1%–25% of the crop to the juice 
market than non-users (14). More non-users (11) sent 26%–50% of the crop to the juice 
market than users (5). Thus market destination can influence growers’ decision on the 
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adoption of commercial BCAs because different markets have different pricing and 
required different levels of fruit quality or residue limits. Therefore, for the fresh market, 
growers are more likely to give more attention to their pest management practices than for 
the juice market. Overall, the economic characteristics of users and non-users of 
commercial BCAs are summarised below in Table 6.10. 
 
Table 6.10: The characteristics of typical user and non-user citrus grower on the basis of 
economic factors. 
 
Characteristics Users Non-users 
Number of employees  Have more employees. Have few employees. 
Farm size More than 40 hectares. Less than 40 hectares or up to 40 
hectares. 
Crop values per year Achieved more crop values per 
year. 
Achieved less crop values per year. 
Chemical uses More likely to use selective 
chemicals. 
More likely to use broad spectrum 
chemicals.  
Crop losses More likely to have 5%–10% 
crop losses. 
More likely to have 11%–15% crop 
losses. 
Market destination Majority (18) sent produce to 
the fresh market. Only a few (6) 
sent to the juice market. 
Most (15) sent produce to the fresh 
market and 10 growers sent to the 
juice market. 
 
 
6.3.4 Institutional factors 
 
Institutional factors such as sources of information and organisational help are crucial 
parts of the adoption of commercial BCAs. The main sources of information regarding 
commercial BCAs according to the interviewed citrus growers are: workshops, field days, 
other farmers, Horticulture Innovation Australia Ltd, Citrus Australia and consultants. 
Surveyed citrus growers seek information from a variety of sources (Table 6.11, Question 
F33). Slightly more users are more likely to perceive that workshops, field days, and 
insectary companies are the main information sources than non-users. Both users and 
non-users identified other growers and pamphlets as useful sources of information. 
Surveyed citrus growers pointed out that the internet, citrus news, consultants, and       
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The Good Bug Book were their sources of information. This result reveals that citrus 
growers use a wide range of information sources about the topic of pest management. 
There was no large variation apparent between the user and non-user group, apart from 
contact with insectary companies by users.   
 
Table 6.11: Growers’ sources of information on the topic of pest management (n = 72, Users, 35 
and Non-users, 37). 
 
Question F 33, (n = 65, Users, 34 and Non-users, 31) 
Variables n Missing Yes No Total 
F33 1 
Workshops 
                                    Users 
                             Non-users 
                                    Total 
58 14  
 
27 
22 
49 
 
 
4 
5 
9 
 
 
31 
27 
58 
F33  2 
Field days 
                                    Users 
                             Non-users 
                                    Total 
60 12  
 
28 
25 
53 
 
 
2 
5 
7 
 
 
30 
30 
60 
F33  3 
Pamphlets 
                                    Users 
                             Non-users 
                                    Total 
50 22  
 
21 
20 
41 
 
 
3 
6 
9 
 
 
24 
26 
50 
F33  4 
Other growers 
                                    Users 
                             Non-users 
                                    Total 
47 25  
 
17 
20 
37 
 
 
5 
5 
10 
 
 
22 
25 
47 
F33  5 
Insectary companies 
                                    Users 
                             Non-users 
                                    Total 
50 22  
 
25 
17 
42 
 
 
2 
6 
8 
 
 
27 
23 
50 
F33  6 
Haven’t heard 
                                    Users 
                             Non-users 
                                    Total 
23 49  
 
0 
2 
2 
 
 
12 
9 
21 
 
 
12 
11 
23 
 
 
Institutional support is an important factor because it creates a framework in which 
adoption can take place. Interviewed South Australian citrus growers (4/9) reported that 
no government extension officers exist anymore. Some government researchers did 
research in conjunction with an industry body such as Horticulture Innovation Australia 
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Ltd. They worked together and then the industry body released information to growers. 
Surveyed users and non-users (n = 65, users, 33 and non-users, 32) both disagreed (SD 
and D) with the statements that they received consultation (51, users, 26 and non-user, 
25), monitoring services (50, users, 27 and non-users, 23) or subsidies for citrus orchards 
(54, users, 28 and non-users, 26) from the government (Appendix 11, Question F34 for 
detailed summary statistics). They agreed (A and SA) with the statements that they 
received consultation from the agricultural chemical companies (35, users, 18 and non-
users, 17), insectary companies (36, users, 24 and non-users, 12) and other organisations 
(38, users, 16 and non-users, 22) (Question F34 2–4). They also disagreed (SD and D) 
with the statements that they received monitoring services from the agricultural chemical 
companies (45, users, 25 and non-user, 20), insectary companies (42, users, 23 and non-
users, 19) or other organisations (27, users, 14 and non-users, 13) (Question F34 6–8). 
They agreed (A and SA) with the statements that they do not get any help from the 
government or other organisations except information (38, users, 19 and non-users, 19) 
(Question F34 11) but this contradicts with the information that they received 
consultation from the agricultural chemical companies, insectary companies and other 
organisations. Perhaps there was a flaw in the questionnaire because there was no other 
option for information only. This result indicates that citrus growers do not get any direct 
help from the government such as subsidy to their farm. They are not aware that the 
government is funding research projects in collaboration with industry bodies such as 
Horticulture Innovation Australia Ltd. to develop new or improved technology for them.   
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6.3.5 Citrus growers’ perceptions of the main barriers 
towards the use of commercial BCAs 
 
Growers’ attitudes or perceptions are likely to be important factors that influence the 
uptake of commercial BCAs. In this study, both interviews and survey asked about 
attitudes or perceptions of the main barriers towards the use of commercial BCAs. In the 
survey, several Likert-type scaled questions were asked of the citrus growers. Each of the 
questions included several statements or items.  
 
Citrus growers’ perceptions about practicing IPM and the barriers they faced are 
summarised in Table 6.12 (Question D23, n = 66, users, 32 and non-users, 34). Users (18) 
and non-users (26) agreed (A and SA) with the statement that practicing IPM required 
more knowledge than conventional pest control. Compared with non-users, more users 
disagreed (SD and D) with the statements that practicing IPM required more time (22) 
and labour (20) than conventional pest control. Non-users believed (A and SA) that 
practicing IPM required more time (20) but remained undecided (U) about whether it 
required more labour (12). This result indicates that practicing IPM by citrus growers was 
hindered because non-users believed it requires more knowledge, time and labour.  
 
In terms of economics, interviewed citrus growers (3/9) believed that using commercial 
BCAs is more expensive than chemical insecticide because commercial BCAs required 
expenses for monitoring and a consultant. Survey results showed that users are large farm 
owners and non-users are small farm owners (Table 6.8, Question B8). Perhaps a small 
farm owner could not afford to hire a consultant. In addition, one of the interviewed citrus 
growers said if Aphytis spp. is used with chemicals then that makes it significantly more 
expensive than chemicals alone. In contrast, the application of one chemical could do the 
166 
 
job of several BCAs and therefore is simpler and cheaper. The survey question D27 was 
asked only to non-users to know their attitudes towards the use of commercial BCAs. The 
responses were compared by the agreement and disagreement of non-users. The users 
who answered (8) were ignored.  
 
Table 6.12: Citrus growers’ perception about practicing IPM compared with conventional 
practices (n = 72, Users, 35 and Non-user 37). 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question D23, n = 66, Users, 32 and Non-users, 34). 
Variables              n  Missing SD D U A SA Total 
D23 1 
Requires more time  
                                   Users 
                           Non-users 
                                  Total 
66 
 
 
 
6 
 
 
 
 
 
 
8 
2 
10 
 
 
14 
5 
19 
 
 
2 
7 
9 
 
 
6 
17 
23 
 
 
2 
3 
5 
 
 
32 
34 
66 
D23 2 
Cost more  
                                  Users 
                           Non-users 
                                  Total 
64 
 
 
 
8 
 
 
 
 
 
7 
5 
12 
 
 
15 
11 
26 
 
 
4 
8 
12 
 
 
3 
6 
9 
 
 
2 
3 
5 
 
 
31 
33 
64 
D23 3  
Requires more 
knowledge  
                                  Users 
                          Non-users 
                                  Total 
64 
 
 
 
8 
 
 
 
 
 
 
2 
1 
3 
 
 
 
9 
3 
12 
 
 
 
2 
3 
5 
 
 
 
13 
20 
33 
 
 
 
5 
6 
11 
 
 
 
    31 
33 
64 
D23 4   
Requires more labour  
                                  Users 
                          Non-users 
                                  Total 
64 8 
 
 
 
8 
3 
11 
 
 
12 
9 
21 
 
 
5 
12 
17 
 
 
4 
6 
10 
 
 
    2 
    3 
    5 
 
 
31 
33 
64 
 
 
Surveyed non-users remained undecided (U) with the statements that commercial BCAs 
are expensive and not profitable (Tables 6.13, Question D27 4–5) but disagreed (D) with 
the statement that it is wasteful to use both chemicals and commercial BCAs together 
(Table 6.13, Question D27 13). They remained undecided (U) with the statement that 
chemicals are cheaper (Table 6.13, Question D27 12). Perhaps these non-users did not try 
commercial BCAs previously to compare and remained undecided. Interview results 
show that this is one of the technological complexities that make commercial BCAs 
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expensive. This is one of the major economic barriers to the adoption of commercial 
BCA. 
 
Table 6.13: Economic barriers to the adoption of commercial BCA by citrus grower. This 
question was for NON-USERS only (n=37).    
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question D27, Non-users = 23) 
 
 
A small number of interviewed citrus growers (2/9) perhaps used commercial BCAs 
(Aphytis spp.) for higher value crops such as the Navel variety. Results showed that 
slightly higher numbers of surveyed non-users believed that commercial BCA is a more 
risky decision (Table 6.13, question D27 7) and perhaps they were less likely to use 
commercial BCAs for higher value crops. This demonstrates that lack of confidence by 
growers is a key reason for not using commercial BCAs.  
 
Technology complexity is an important factor because it is often negatively related to the 
adoption. The timing of pesticide application and release of commercial BCAs (Aphytis 
spp.) are critical to effective pest control. Interviewed citrus growers were asked whether 
they faced any difficulties when they use commercial BCAs and pesticides together for 
Variables n Missing SD D   U   A SA Total 
D27 2  
Not confident                        Non-users 
23 
 
14 
 
 
1 
 
4 
 
10 
 
4 
 
4 
 
23 
 D27 4 
Too expensive                       Non-users                                                                                                             
23 
 
14  
0
 
2 
 
11
 
6 
 
4
 
23
D27  5  
Not profitable                       Non-users                      
22 15 
 
 
0 
 
7 
 
9 
 
4 
 
2 
 
22 
D27 7 Too risky    
                                               Non-users                              
22 
 
15  
0 
 
7 
 
7 
 
4 
 
4 
 
22 
D27 12 
Chemicals are  
cheaper                                 Non-users 
23 14  
 
1 
 
 
5 
 
 
10 
 
 
4 
 
 
3 
 
 
23 
D27  13  
Wasteful to use both  
chemicals and commercial  
BCA together                       Non-users                                                                                                                                                                         
22 15  
 
 
4
 
 
 
7 
 
 
 
5
 
 
 
5 
 
 
 
1
 
 
 
22
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pest control. Most of them (6/9) pointed out that they did not because they allow time to 
elapse between the use of commercial BCAs and pesticide application. Only a few citrus 
growers (2/9) spray pesticides within 30 days after the release of commercial BCAs. 
Other growers spray twice in a year. Some do not spray any chemicals at all. Surveyed 
users were aware about the effects of insecticides on commercial BCAs. They (13) also 
reported that they delay the application of pesticides more than five weeks after the 
release of commercial BCAs (Appendix 11, Question E32 for detailed summary statistics) 
to allow enough time between pesticide application and releasing commercial BCAs. The 
application of pesticide and commercial BCAs is more difficult as a pest management 
strategy.  
 
Some technology related statements from the survey Questions D27 and E31 are shown 
in Table 6.14 and Table 6.15. The D27 question is for non-users and the E31 is for users 
only. These statements were used in this study, as potential technological barriers to the 
adoption of commercial BCAs. The responses from the non-users were only considered in 
question D27. Non-users agreed (A and SA) that they have tried Aphytis spp. before but 
they were not effective (9), too complicated (8), chemicals are more effective (12) and 
need to hire a consultant (11). They disagreed (SD and D) that it is wasteful to use 
commercial BCAs and chemical insecticides together (Table 6.13, Question D27 13).  
 
Users disagreed (SD and D) with the statements (Table 6.15, E31 1–4 and 6) that no 
commercial BCA is available for pests other than red scales (18); Aphytis spp. control red 
scales in certain citrus varieties (22), need training (19) and a consultant (14); agreed (A 
and SA) that Aphytis spp. attack a certain stage of red scales (17).  
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These views showed non-users’ negative attitudes and users’ positive attitudes towards 
the use of commercial BCAs for pest management. The fundamental technological 
barriers that citrus growers face to the adoption of commercial BCAs for pest 
management are also identified. 
 
Table 6.14: Technological barriers to the adoption of commercial BCA. This question was for 
NON-USERS only (n=37). 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question D27, Non-users = 23) 
 
 
Availability of commercial BCAs is another important factor. Most of the interviewed 
citrus growers (6/9) pointed out that Aphytis spp. is the only biological control agent that 
is commercially available for control of red scale in citrus crops but they face other major 
pest problems besides red scales. They have been forced to use chemicals to control 
multiple pests. These interviewed citrus growers may not be aware that other commercial 
BCAs are available for citrus pests such as C. montrouzieri to control mealy bugs and 
scale insects. The survey results show that greater awareness to commercial BCAs for 
other pests than red scale (Table 6.15, Question E31 1). Perhaps growers mean 
commercial BCAs that control other pests in other crops.  
    
Variables   n Missing SD D U A SA Total 
D27 3  
Tried before not  
effective                            Non-users 
22 
 
15 
 
 
 
0 
 
 
7 
 
 
6 
 
 
6 
 
 
3 
 
 
22 
D27 6 
Too complicated             Non-users 
23 14  
1 
 
5 
 
9 
 
7 
 
1 
 
23 
D27 10 
Need to hire a 
consultant                        Non-users                                                 
21 16  
 
1
 
 
4 
 
 
5 
 
 
7 
 
 
4 
 
 
21 
 D27  11  
Chemicals are more  
effective                            Non-users 
21 
 
16 
 
 
 
2 
 
 
1 
 
 
6 
 
 
10 
 
 
2 
 
 
21 
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Table 6.15: Technological barriers to the adoption of commercial BCA. This question was for 
USERS only (n=35). 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question E31, Users = 32) 
 
 
The time lag between release of a commercial BCA and actual impact on the pest 
population can cause economic damage. One of the growers believed that this was 
probably the major issue. Growers need to monitor pests closely and to have patience and 
confidence with commercial BCAs because instant results are not visible. Perhaps users 
were more likely to perceive that economic damage is unavoidable to some extent and as 
a result gave emphasis on monitoring and levels of confidence in commercial BCAs. 
Perhaps these deterred growers from adopting commercial BCAs.  
 
The timing of the release of commercial BCAs is crucial for its effectiveness. For 
example, Aphytis spp. attacks only a certain stage of red scales, as agreed by users (Table 
6.15, Question E31 2). Growers have to understand by monitoring whether the release is 
good for the stage of scale development. This demonstrates that monitoring is essential 
for the commercial BCAs but also for the natural population of pests and biological 
control agents as well. One interviewed grower also stated that the most successful 
Variables n Missing SD D U A SA Total 
E31 1  
No commercial BCA available for  
other pest other than red scales       Users 
31 
 
4 
 
 
 
2 
 
 
16 
 
 
8 
 
 
3 
 
 
2 
 
 
31 
E31 2  
Aphytis spp. only attack certain 
 stages of red scales                           Users                                                       
30 
 
5 
 
 
 
2
 
 
4
 
 
7 
 
 
13 
 
 
4 
 
 
30 
E31 3  
Aphytis spp. control red scales  
only certain citrus varieties             Users                                                                               
29 6  
 
7
 
 
15
 
 
5
 
 
2
 
 
0 
 
 
29 
 E31 4  
Need training before use  
commercial BCAs                             Users                         
30 
 
5 
 
 
 
5 
 
 
14 
 
 
5 
 
 
6 
 
 
0 
 
 
30 
E31 6  
Need a consultant to use  
commercial BCA                              Users 
30 5  
 
4 
 
 
10 
 
 
5 
 
 
9 
 
 
2 
 
 
30 
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release time for the commercial BCA, Aphytis spp. would be in the autumn because there 
is overlapping generations of pest insects. In winter there is a distinct generation which 
means only a narrow window during which the parasitoid (Aphytis spp.) finds red scales 
to parasitise. Pest densities are important for successful introduction of commercial BCAs 
which ultimately determines success or failure of these agents.   
 
The key locational effect identified by this study was Queensland (further north than 
other states) where citrus growers cannot use conventional pest management. They have 
to use the commercial BCA, Aphytis spp. because pests (red scales) grow throughout the 
year and develop resistance to chemical pesticides very quickly. This demonstrates that 
the adoption of commercial BCAs depends on the climate such as temperature because 
the type and intensity of pest pressures in the orchards have regional impacts and are 
largely influenced by the climate.   
 
In terms of habitat management, interviewed growers know that using commercial BCAs 
is more complicated than chemical based conventional practices and know that expertise 
is required for the use of BCAs. A few of them (2/9) pointed out that commercial BCAs is 
not easy to use in terms of habitat management because growers need to know about how 
other things work in the orchards. They need to maintain favourable orchard habitat for 
commercial BCAs. They need to understand what insects cause damage to a crop at 
different times of year and assess what environmental conditions are necessary for 
successful use of commercial BCAs. In surveyed responses, non-users (9) remained 
undecided (U) and agreed (A and SA) (8) that using commercial BCAs is too complicated 
(Table 6.14, Question D27 6).  They agreed with the statements that it is necessary to hire 
a consultant (11) (Table 6.14, Question D27 10) which demonstrates that using 
commercial BCAs requires careful management.  
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Growers’ attitudes are important because often growers are conservative and reluctant to 
change their pest management practices. Some interviewed citrus growers (3/9) believe 
that biological control agents are not effective. The surveyed results showed that non-
users agreed (A and SA) that chemicals are more effective (12) (Table 6.14, Question 
D27 11). Perhaps in the past they tried to change their practices but were not successful 
and fruit quality and production dropped (Table 6.14 Question D27 3). In addition, they 
were afraid that if their production went down and most of their fruit had to be sold for 
juice then they will not get the same value per ton of fruit.  
 
Often biosecurity issues increase the complexity of pest management. One of the 
interviewed growers pointed out that the presence of Queensland fruit fly is a trade barrier 
for some markets. No commercial BCAs are available for this pest so growers are forced 
to use insecticides. This makes the commercial BCA (Aphytis spp.) for red scale 
vulnerable because insecticides are also toxic to the parasitoids. This result reveals that 
biosecurity created a critical situation for the growers. Growers face a major conflict 
which is most likely to hinder the adoption of commercial BCAs.  
 
6.3.6 Citrus growers’ perceptions of the main driving factors 
towards the use of commercial BCAs 
 
In this study, both interviews and survey measured citrus growers’ attitude or perception 
of the main driving factors towards the use of commercial BCAs. In the survey, several 
Likert-type scaled questions were asked the citrus growers. Each of the questions 
included several statements or items. Several positive statements of the commercial BCAs 
were from the survey Questions D25, D28 and D29 are shown in Table 6.17, 6.18 and 
6.16, (Questions D25, D28 and D29). This section presents the results below:  
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Economic factors have an important influence on growers. Interviewed users (9/9) said 
that commercial BCAs are cheaper than chemical control. Initially it may be more 
expensive but once it is working properly it would be still less expensive than chemical 
pesticides. In addition, using IPM protects other beneficial insects that are already present 
in the orchards. One of them explained why he uses IPM: 
 
“It's cost wise and also to protect the good bugs that have already got on the 
property.”  
 
The survey question D29 asked only users and they agreed (A and SA) that it is relatively 
cheap (15) and profitable (20) (Table 6.16, Question D29 3–4). This result reveals that 
due to economic reasons, citrus growers are more likely to incorporate commercial BCAs 
into their pest management program because it is cheaper than chemicals and protects 
other beneficial insects. This study also reveals that users are large producers, have more 
employees and are more likely to use commercial BCAs. Therefore, all of these factors 
suggest that economic factors are the main reasons to adopt commercial BCAs by citrus 
growers.  
 
Both insecticide resistance and insecticide withdrawal are well researched driving factors 
around the world. These two factors have forced growers to adopt alternative pest control 
practices such as IPM. The survey asked questions of the users regarding these issues by 
using Likert-type scaled questions. Users disagreed (SD and D) with the statements that 
pest insects have developed resistance (14) and an insecticide was withdrawn (19) (Table 
6.16, Question D29 1–2). In this study, these were seen as potential driving factors for the 
adoption of commercial BCAs. This result reveals that perhaps surveyed citrus growers 
did not face these problems and viewed only their individual situation not the historical or 
worldwide views. 
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Table 6.16: Economic and technology driving factors to the adoption of commercial BCA. This 
question was for USERS only (n=35). 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question D29, Users = 32) 
Variables  n Missing SD D U A SA Total 
D29  1  
Insects have developed 
resistance                  Users        
30 
 
5 
 
 
 
2 
 
 
12 
 
 
6 
 
 
6 
 
 
4 
 
 
30 
D29  2  
Insecticide was  
withdrawn                Users                                                                                                          
29 
 
6 
 
 
 
3 
 
 
16 
 
 
4 
 
 
4
 
 
2
 
 
29 
D29  3 
It is profitable          Users         
  28 
 
7 
 
 
2 
 
2 
 
4 
 
15 
 
5 
 
28 
D29  4  
It is relatively  
cheap                        Users     
28 
 
7 
 
 
 
2 
 
 
6 
 
 
5 
 
 
11 
 
 
4 
 
  
28 
D29  5 
It is effective            Users          
   30 
 
5 
 
 
1 
 
0 
 
4 
 
20 
 
5 
 
30 
D29  6  
It helps IPM            Users                  
   29 6 
 
 
1 
 
0 
 
1 
 
20 
 
7 
 
29 
 
 
 
Citrus growers were convinced by a range of other factors to use commercial BCAs. The 
survey results showed (Table 6.17, Question D25 2–3 and D25 5) that users were more 
likely to perceive (A and SA) that chemicals kill some (26) or most (16) beneficial insects 
or change their effectiveness (19). Perhaps this type of awareness influenced them to use 
commercial BCAs. One of the interviewed citrus growers reported that he was convinced 
by his education and knowledge to use commercial BCAs. He also reported that many of 
them knew that the commercial BCA, Aphytis spp. is effective. They achieved very good 
control and a safe and sustainable environment for growing crops. They were forward 
thinkers and know that it will not be sustainable to use chemicals for a long time. They 
also know that in future people will buy fruit and vegetables with fewer chemicals. The 
surveyed users agreed (A and SA) that they were convinced by their education (28) 
(Table 6.18, Question D28 1). They were also concerned about the environmental risk 
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(25) and agreed (A and SA) that it is safe for the environment (27) (Tables 6.18 and 6.19, 
Question D28 5 and D29 8). This result indicates that educated and forward thinking 
growers were more likely to use commercial BCAs and were concerned about 
commercial BCA’s effectiveness, food safety and the environment where they were 
growing their crops.  
 
Health issues are a factor and a few of the interviewed growers (3/9) realised that there 
were no residue problems when fruits go to market and were safe for health reasons. No 
one became sick due to the use of pesticide on their farms but one of them was convinced 
to adopt biological control because a previous owner working with chemicals became 
sick with cancer. One farm manager was afraid of chemicals and was convinced to use 
biological control. However, the owner of that farm was doubtful about its effectiveness 
and took 3–4 years to feel comfortable with using biological control as a management 
tool.  
 
Table 6.17: Driving factors for the adoption of commercial BCA (n =72, Users, 35 and Non-users, 
37). In this table, the abbreviation BCA indicates Biological Control Agents. 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA = Strongly Agree. 
Questions D25 (n = 65, Users, 32 and Non-users, 33) 
 
Variables  n    Missing   SD   D     U   A    SA Total 
D25 2 
Chemicals killed most  
of the BCAs                            Users                                  
                                         Non-users 
                                                 Total 
57 
 
 
15 
 
 
 
  0 
2 
2 
 
 
9 
9 
18 
 
 
3 
8 
11 
 
 
12 
8 
20 
 
 
4 
2 
6 
 
 
  28 
29 
57 
D25 3 
Chemicals Killed some  
of the BCAs                            Users                                
                                         Non-users 
                                                Total 
56 
 
16 
 
 
 
  0 
1 
1 
 
 
1 
2 
3 
 
 
0 
2 
2 
 
 
22 
21 
43 
 
 
4 
3 
7 
 
 
  27 
29 
56 
D25 5  
Chemicals changed BCA 
effectiveness  
                                                Users 
                                         Non-users 
                                                Total 
55 
 
17 
 
 
 
 
1 
1 
2 
 
 
 
2 
2 
4 
 
 
 
4 
5 
9 
 
 
 
13 
18 
31 
 
 
 
6 
3 
9 
 
 
 
26 
29 
55 
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Table 6.18: Driving factors for the adoption of commercial BCA. This question was for USERS 
(n=35) only.   
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA = Strongly Agree. 
 
 
 
The surveyed users were concerned about health risks (22) and agreed (A and SA) that it 
is safer for the health of himself and his family (27) (Tables 6.18 and 6.19, Question D28 
4, D29 7). This result demonstrates that growers are concerned about their personal health 
issues which convinced them to use commercial BCAs. Managers are more aware about 
health and safety than owners; owners are more concerned about profit and less about 
health and safety. 
 
Table 6.19: Driving factors for the adoption of commercial BCA. This question was for USERS 
(n=35) only. 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA = Strongly Agree. 
 
(Question D29, Users = 32) 
 
(Question D28, Users, 32) 
Variables n Missing SD D U A SA Total 
D28 1  
Convinced by my  
education                                     Users 
31 
 
4 
 
 
 
0 
 
 
2 
 
 
1 
 
 
20 
 
 
8 
 
 
31 
D28 4  
Concerned about health risks  
                                                      Users 
30 
 
5 
 
 
 
2 
 
 
2 
 
 
4 
 
 
16 
 
 
6 
 
 
30 
D28 5  
Concerned about  the  
environment                                Users 
30 
 
5  
 
 1 
 
 
1 
 
 
3 
 
 
 18 
 
 
7 
 
 
  30 
Variables  n Missing SD D U A SA Total 
D29 7  
Safer for health of   
me and my family               Users                                  
30 
 
5 
 
 
 
2 
 
 
0 
 
 
1 
 
 
18 
 
 
9 
 
 
30 
D29 8 
Safer for the  
environment                        Users 
31 4  
 
2 
 
 
0 
 
 
2 
 
 
18 
 
 
9 
 
 
31 
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Consumer education is another driving factor because they can drive retailers to demand 
pesticide-free fruit and vegetables. In addition, technology itself and policy makers can 
act as drivers. One of the interviewed citrus growers said that growers are prepared to use 
100% biological control if consumers would buy blemished fruit. Another interviewed 
grower felt that it is necessary to educate consumers that blemished fruit is not bad. It still 
looks and tastes the same inside the protective skin. He also felt that education would be 
necessary for all other horticultural products.  
 
The surveyed non-users agreed (A and SA) that if: consumers accept blemishes in fruit 
and vegetables (23), retailers put on pressure to use biological control (19), a suite of 
commercial BCAs are available for all the pests (20), the commercial BCAs become 
cheaper and more effective (24), and the government creates new laws to use biological 
control (20) then growers will use commercial BCAs as a pest management tool (Table 
6.20, Question D30). 
 
Table 6.20: Non-users’ attitudes towards the use of commercial BCA for pest management in 
future. This question was for NON-USERS only (n=37). 
 
SD= Strongly Disagree, D=Disagree, U=Undecided, A=Agree and SA= Strongly Agree. 
(Question D30, Non-users = 30) 
Variables n Missing SD D U A SA Total 
D30 1  
If consumers accept blemishes  
in fruits and vegetables             Non-users                             
29 
 
8 
 
 
 
 
1 
 
 
3 
 
 
2 
 
 
17 
 
 
6 
 
 
29 
D30 2  
If  a suite of biological agents  
available for all the pests          Non-users                                          
30 
 
 
7 
 
 
 
 
2
 
 
4 
 
 
4 
 
 
14 
 
 
6 
 
 
30 
D30 3  
If  the biological control  
agents become cheaper and  
more  effective                           Non-users 
30 
 
 
 
7 
 
 
 
 
 
 
0 
 
 
 
3 
 
 
 
3 
 
 
 
17 
 
 
 
7 
 
 
 
30 
D30 4  
If retailers put pressure on     
growers to use biological  
control agents                            Non-users                            
29 
 
 
8 
 
 
 
 
 
2 
 
 
 
2 
 
 
 
6 
 
 
 
16 
 
 
 
3 
 
 
 
29 
D30 5  
If the government creates a 
new law to use biological  
control agents by  growers       Non-users                                        
29 8 
 
 
 
 
4 
 
 
 
2 
 
 
 
3 
 
 
 
18 
 
 
 
2 
 
 
 
29 
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These statements uncovered some potential barriers that deterred citrus growers from the 
use of commercial BCAs. This result also reveals the need to address these issues by 
insectary owners and policy makers. It will lead to a decrease in pesticide use and an 
increase in commercial BCAs as a pest management tool. 
 
6.4 Discussion 
 
The release of commercial BCAs for insect pest control is not a stand-alone practice. It is 
always used as a tool in IPM programs. In this study, non-users were more likely to 
believe that practicing IPM required more knowledge, time, and labour in comparison 
with users. These are perhaps the major barriers to the adoption of IPM and thus 
commercial BCAs. It is necessary to follow IPM to implement a commercial BCA as a 
tool to contribute to better pest control.   
 
Adoption is a dynamic learning process and depends on a range of personal, social, 
cultural, and  economic factors as well as the characteristics of the technology (Pannell et 
al., 2006). Using commercial BCAs is a scientifically feasible strategy in IPM to control 
pests but economic viability for the grower depends on the cost and benefit in relation to 
the use of the crop produced. A wide range of factors has impact on the expected costs 
and expected benefits before the adoption decision is made.  
 
The interview and survey results reveal that economic factors have a major impact on the 
adoption of commercial BCAs in IPM programs. There were strong differences between 
users and non-users. Most of the users were large producers (more than 40 hectares of 
land under citrus production), likely to have more full-time employees, at least 11 and 
some more than 20, and achieved more than AUD$800,000 gross value per year from 
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citrus production. In contrast, most non-users were small farm owners (less than 40 
hectares of land under citrus production), have fewer employees (1–5) and achieved less 
than AUD$100,000–200,000 gross value per year from citrus production. This result also 
shows that 12 large growers were non-users and 14 small growers were users. Several 
other reasons may be involved such as perhaps these large growers did not have 
consultant or farm managers, were not well educated about commercial BCAs or did not 
face too much red scales problems. Perhaps the opposite happened in the small growers 
are, as a result they were users.  This distribution is strong, so in the following section the 
term user can be employed to represent large farm owners and non-user can be used for 
small farm owners.  
 
Small farm owners generally have limited resources relative to the larger farm owners. 
They believe adoption of commercial BCAs to be a major challenge because of the 
increased requirements for specialised expertise required for the successful use of 
commercial BCAs. They are less likely to invest money in either growing their crop or 
purchasing the expertise to assist in growing their crop. Small farm owners with low on-
farm income tend to seek sources of off-farm income and give less importance to the 
actual farm income. Another reason may be because the small scale production with 
limited time, effort and other resources means that they could not produce export quality 
products and enter into the profitable export market. They have to sell their product into 
the local market but that market is not very remunerative. As a result, they achieved less 
revenues and had limited chance to invest for adoption of commercial BCAs (Bijman et 
al., 2007).   
 
For the large farm owners the present results are generally consistent with other studies. 
The large farm owners were more likely to adopt a new technology (Feder et al., 1985; 
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Fernandez-Cornejo, 1996; Shennan et al., 2001; Grogan and Goodhue, 2012; Akudugu et 
al., 2012). For instance, in the California citrus growers survey (2010), growers were 
more likely to use commercial BCAs when they have large citrus farms or hire more full-
time workers (Li et al., 2011; Grogan and Goodhue, 2012). Perhaps Californian and 
Australian farming systems with large farms are similar. Perhaps small farm owners did 
not use farming as a main source of income and it was not possible to address this issue 
by follow-up email or telephone calls because the survey was anonymous. 
 
Other researchers argued that there was no relationship between farm size and adoption of 
new technology (Schumacher and Marsh, 2003; Kaine and Bewsell, 2008; Marsh and 
Gallardo, 2009). For instance, there was no relationship between farm size and adoption 
of IPM among different crop growers such as tomato, pear or potato growers in the 
United States (Grieshop et al., 1988; Waller et al., 1998). This inconsistency can be 
explained in many ways. Firstly, small farm owners differ between countries and between 
agro-ecological zones (Bijman et al., 2007). For instance, in Europe most of the growers 
are small farm owners. They adopted commercial BCAs in IPM programs because of the 
rules and regulations and consumer demands, as well as the greenhouse farming system. 
Secondly, the adoption of IPM also depends on the contextual factors such as location 
and pest intensity. The present study could not rule out these two factors.  
 
Interviewed citrus growers pointed out that Australia has different climates in different 
states and pest intensities were largely influenced by the climate. For instance, 
Queensland is further north than citrus growing regions of South Australia or New South 
Wales, and citrus growers were more likely to use Aphytis spp. in IPM to control red 
scales than the other states in Australia. The result is consistent with another study that 
found locational impacts such as climate, topography and isolation of the orchards and the 
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available cost-effective pest management options have influenced the adoption of IPM in 
apple growers in Australia (Kaine and Bewsell, 2008). Finally, other studies found that 
landscape scale relates to biological control. For instance, a higher density and diversity 
of natural enemies tend to have lower pest pressures and crop damage in complex, highly 
connected farm landscapes with a high proportion of non-crop area than in simpler 
agriculturally dominated landscapes (Jonsson et al., 2008).  
 
Users of commercial BCAs incurred crop losses of only 5%–10% per year, whereas non-
users incurred 11%–15% losses per year. Perhaps users maintained an ecologically 
balanced cropping system that contains good numbers of natural enemies such as 
predators and parasitoids. As a result they produced better quality fruit and met the export 
market’s requirements as well as those of domestic markets. Different markets have 
different pricing and require different quality and pesticide residue levels. Many countries 
have lower maximum pesticide residue limits than the Australian domestic market 
(Fitzpatrick, 2011). Users meet the export market pesticide requirements and can export 
more fruit. This makes greater profit than the same quality in the domestic market. The 
result is consistent with other studies which found that using commercial BCAs in IPM 
programs increased farmers income by increasing fruit production and yields or remained 
the same because phytotoxic effects of pesticides no longer occur (van Lenteren, 2000a; 
Moser et al., 2008). This study did not attempt a cost-benefit analysis of the adoption of 
commercial BCAs. This type of analysis reveals trade-offs between the benefit of 
commercial BCAs and their cost. This is one of the limitations of this study and merits 
further investigation.  
 
In this study, interviewed citrus growers pointed out that combining commercial BCAs 
and insecticide applications make pest management expensive. Chlorpyrifos, an 
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organophosphate (broad spectrum insecticide), is the most popular insecticide for pest 
control among the Australian citrus growers. However, commercial BCA users were 
more likely to use selective insecticides such as Movento and Spinosad.  
 
Other researchers found that combining commercial BCA releases with insecticides may 
provide cost-effective and an adequate control. For instance, P. persimilis was cost-
effective in controlling two-spotted spider mite in strawberries if combined with 
Abamectin applications. The two treatments combined produced the greatest net benefit 
rather than either of the treatments alone (Trumble and Morse, 1993). In addition, the 
breakeven cost of using commercial BCAs such as P. persimilis indicates its potential to 
improve grower profitability at current prices (Gardner et al., 2011). The citrus grower 
interviews were not consistent with these results but results from surveyed users showed 
consistencies. More users agreed that using commercial BCAs are cheaper and profitable 
but non-users disagreed or remained undecided with these statements. On the basis of 
these current results these inconsistencies can be explained in two ways. 
 
Firstly, it was the perception of non-users that commercial BCAs are expensive. Most of 
them are small farm owners and they do not have the resources required to adopt 
successfully commercial BCAs. So when they calculated expenses for commercial BCAs 
and chemical pesticides, they may have included costs such as the labour for monitoring 
and releasing BCAs and consultant’s fees. Other studies noted that commercial BCAs 
carry a higher cost than chemical pesticides in either direct costs or indirectly for the 
labour of  monitoring and releasing (Moser et al., 2008). This is one of the economic 
barriers that deterred growers from using commercial BCAs. 
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Secondly, surveyed users were more likely to be large farm owners (more than 40 
hectares of land under citrus) and have more resources that are required for the adoption 
of commercial BCAs. When they calculated expenses for commercial BCAs and 
chemical insecticides, perhaps they did not calculate the costs of other resources that they 
already have (the labour for monitoring and releasing BCAs and a consultant’s fees). 
Further study is recommended to calculate the pest management expenses per hectare 
including all expenses.   
 
Adoption of commercial BCAs is information-intensive, requiring extra expertise, or 
reliance on a consultant. Large farmers can more easily adopt commercial BCAs because 
they have those resources. The resource-poor non-users are mostly small farm owners and 
have limited resources. They could not perhaps afford to hire a consultant to adopt 
commercial BCAs. In this study, users had a wide variety of pest management decision 
makers such as owners, owner and consultant, owner and manager, manager and 
consultant and manager alone. In contrast, more non-users made their pest management 
decisions by themselves. The current result supports other studies which found that large 
farm owners offer managers or operators more flexibility in the decision making of pest 
management. They can try new technology more readily than small farm owners (Nowak, 
1987; Tiwari et al., 2008). This shows that pest management decision making was 
influenced by economic factors which governs the adoption of commercial BCAs in IPM 
programs.  
 
In terms of technological barriers, interviewed citrus growers pointed out that if they have 
to use an individual commercial BCA for an individual pest, then it makes it unrealistic 
and very expensive. In addition, they pointed out that Aphytis spp. is the only commercial 
BCA that is available to control red scales in citrus crops. For multiple pest problems, 
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citrus growers were forced to use chemical insecticides not only in Australia but also in 
other countries as well. Very few of them are aware that other commercial BCAs are 
available for citrus pest management. C. montrouzieri is available to control mealy bugs 
and a generalist predator, M.  signata is also available. The survey of California citrus 
growers noted that apart from A. melinus, other biological control agents are not 
commercially available. A variety of other commercial BCAs may not be the most 
effective means of enhancing biological control of other pests in California citrus 
orchards (Grogan and Goodhue, 2012). Perhaps, these technological barriers made 
commercial BCAs questionable and expensive. This is one of the technological barriers 
that influence the economic factors and limits commercial BCAs as an option when 
multiple pest species were present.  
 
This result showed that Aphytis spp. is a widely used commercial BCA among users. 
Interviewed citrus growers and surveyed users were more likely to perceive that Aphytis 
spp. is effective and achieved very good control, whereas, in general non-users perceived 
that it is not effective. Few of the non-users had tried commercial BCAs but still 
perceived that chemicals are more effective than commercial BCAs. Aphytis spp. is a 
widely recognised effective parasitoid of red scales and its effectiveness is largely 
dependent on the dispersal and host-location behaviour of the wasps (Suverkropp et al., 
2009; Tabone et al., 2012). The timing of pesticide applications and release of 
commercial BCAs are critical to effective control. These results showed that non-users do 
not fulfil these factors for successful use of Aphytis spp. They used broad-spectrum 
insecticides such as chlorpyrifos, kept the earth bare and perhaps were less likely to 
monitor pest development. As a result, they were more likely to perceive that Aphytis spp. 
is not effective which deterred the growers from adopting commercial BCAs. 
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In terms of farm practices, this result showed that the vast majority of citrus growers 
(users and non-users) use conservation biological control. Intercropping was not a 
common practice but most use cover crops perhaps grass or sometimes clover. Users were 
likely to use grasses as a cover crop to diversify the citrus orchards. This enhances the 
impact of endemic or native natural enemies and also of commercial BCAs such as 
Aphytis spp. For example, Kelly’s citrus thrips (Pezothrips kellyanus) is a serious citrus 
fruit pest in Australia and causes estimated damage of some AUD$6 million a year 
(Davidson, 2001). Research found there was an association between the presence of 
dense, good-quality ground cover such as perennial grasses and an absence of damage by 
Kelly’s citrus thrips. This reduction in damage was believed to be the presence of high 
densities of generalist predators. These growers are benefitting from conservation 
biological control (New, 2002; Colloff et al., 2013). Cover crops such as grasses also 
control dust problems (Ingels et al., 1994). In this study, perhaps non-users use grasses for 
dust control and other reasons.  Users were more likely to avoid clovers as ground cover 
than non-users because many pests obtained benefit from clovers such as the lightbrown 
apple moth Epiphyas postvittana (Walker) (Lepidoptera: Tortricidae) (Begum et al., 
2006).  In this study users achieved more revenue than non-users. Perhaps conservation 
biological control has an impact on this achievement. 
 
This study also showed that organic growers do not use commercial BCAs. A few non-
users used conservation biological control and grasses as cover crops. Perhaps, they 
produced their crops organically or used microbial biological control agents but this study 
did not consider these biological control agents. As they are not considered as 
‘commercial BCAs’ the respondents are considered as non-users. According to the 
International Federation of Organic Agriculture Movement (IFOAM), insect pest 
problems may be controlled through an augmentation or introduction of predators and 
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parasitioids with the combination of other practices. Perhaps, their ecologically managed 
systems lead to a higher natural enemy diversity and abundance. With the combination of 
other practices, commercial BCAs were made less effective (Zehnder et al., 2007), which 
deterred growers from using commercial BCAs. This merits further research especially 
for the Australian insectary industry because this is a window of opportunity for them to 
further expand.  
 
Australian citrus growers are likely to reduce the use of chemical insecticides. Surveyed 
growers rotate their insecticide use and apply only when the pest risk is higher than 
acceptable. They are aware of the insecticide’s impact on beneficial insects. A study 
found that the biological control of Kelly’s citrus thrips was disrupted and emerged as a 
major pest because overspill from the foliar application of organophosphate insecticide 
sprays destroyed the soil-dwelling predators (Baker et al., 2011).  
 
Growers were concerned about insecticide impacts on health and the environment.  One 
of the interviewed citrus growers switched to IPM because the previous owner became 
sick. In addition, the growers think that chemicals pollute the environment. They think 
that if chemical use occurs for long periods the effect on the environment will be not 
sustainable.   
 
Interviewed growers and surveyed non-users were likely to perceive that growers are 
willing to switch to biological control if a suite of biological control agents were available 
for all the pests, commercial BCAs became cheaper, consumers accept blemished fruits, 
retailers put pressure on growers and government introduced laws to use biological 
control. One of the important reasons for switching to biological control is that 
‘consumers accept blemished fruits’. The Sydney Morning Herald in goodfood.com.au 
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recommends each week fruit and vegetables that are ‘good value’ at low prices. 
Blemished oranges are given as a ‘good buy’ at reduced prices, but there is no indication 
of growth conditions. Retailers give no information on whether the fruit is grown with 
minimal pesticides.  
 
The present study measured citrus growers’ attitudes or perceptions of the main driving 
factors towards the use of commercial BCAs. Users generally agreed with the positive 
attributes about commercial BCAs. This agreement unfolded the driving factors for the 
implementation of commercial BCAs. This result is consistent with another study which 
noted that positive attributes of commercial BCAs increases growers confidence in 
commercial BCAs (Moser et al., 2008). In this study, citrus growers disagreed with two 
potential driving factors for commercial BCAs adoption. These were, ‘pest insects 
develop resistance to insecticides’ and ‘hazardous insecticide withdrawal from the pest 
control market by the government’. These two factors are recognised worldwide as 
driving factors for commercial BCAs adoption (Trumble, 1998; van Lenteren and Bueno, 
2003; Cock et al., 2010; Pilkington et al., 2010). Historically, in the citrus crop, red scale 
(A. aurantii) developed resistance to Methidathion, (an organophosphate insecticide) in 
the 1990s and this was first reported from Australia (Collins et al., 1994). Since then 
Australia has developed one of the most successful IPM programs for citrus pests. 
Additional serious pests have arisen progressively such as citrus leafhopper (Empoasca 
smithi), citrophilous mealybug (Pseudococcus calceolariae) and Kelly’s citrus thrips 
(Pezothrips kellyanus). To control these pests, currently organophosphate (mainly 
chlorpyrifos) remains the prime control method. This results showed that chlorpyrifos 
was widely used among the citrus growers, but it has been used carefully and not as a 
routine insecticide. Thus they have not faced a resistance problem. In contrast, in the 
1980s, many populations of citrus thrips became resistant to organophosphate and 
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carbamate insecticides in the San Joaquin Valley, California (Morse and Brawner, 1986; 
Grafton-Cardwell et al., 2001).   
   
In terms of information, citrus growers use a wide range of sources about the topic of pest 
management such as workshops, field days, pamphlets, other farmers, insectary 
companies, internet, citrus news, consultants and The Good Bug Book. There was little 
variation apparent between users (large farm owners) and non-users (small farm owners). 
In Europe, previous studies found that growers’ sources of information were extension 
agents, agricultural journals (local or national), TV, radio and internet regarding 
commercial BCAs (Moser et al., 2008). Interestingly, in this study in Australia, citrus 
growers did not report TV or radio as sources of information regarding commercial 
BCAs. Many studies noted that technology information is an important factor which 
influences growers’ outlooks and expectations towards the resource problems and 
technology choices (Place and Dewees, 1999; Pretty and Uphoff, 2002; Doss, 2003; Lee, 
2005). In these studies, information uptake was influenced by different factors such as 
social class and farm size (Jackson et al., 2006). Large and small farm owners did not 
vary in their sources of information. However, the information regarding technology 
varied with different sources. Increased information or good quality information does not 
necessarily lead to adoption. It may influence growers’ initial decision to adopt or not to 
adopt or abandon previously adopted technologies (Lee, 2005). Perhaps this area warrants 
further research to promote a larger scale uptake of commercial BCAs by the Australian 
growers. 
 
This study investigates the government or other organisational help to the implementation 
of commercial BCAs for pest control in citrus crops. The results showed that South 
Australian interviewed citrus growers note that no government extension officers exist 
189 
 
anymore. Both interviewed and surveyed citrus growers pointed out that they do not 
receive any financial support from the government except information. They have 
received consultancy services from the insectary industry, agricultural chemical 
companies and other organisations. Growers appear to be unaware that Horticulture 
Innovation Australia Ltd. received funding from the Federal government in addition to 
the money from grower levies to put towards research, but not for extension services. In 
this respect, other researchers found that over the last two decades Australian extension 
practices have declined in public funding from traditional one-on-one extension to a rise 
in group-based extension. In many situations, this has the potential to create a far more 
complex social interaction between group facilitators and landholders (Pannell et al., 
2006). Perhaps this has been influenced by the adoption of commercial BCAs. In many 
European countries, the government plays an important role in fostering the use of 
commercial BCAs. In Israel the government partially subsidised the packaging of BCAs 
and offered free technical support at the beginning of the program (Moser et al., 2008). 
Many studies noted that indirect assistance gave better results than direct assistance such 
as subsidises (Allen et al., 2002; Moser et al., 2008). The Australian government gives 
indirect assistance to incorporate the commercial BCAs into IPM programs by funding 
different research projects.  
 
6.5 Conclusions 
 
The adoption of commercial BCAs depends on a range of factors. Economic factors have 
a major impact on their adoption by citrus growers. Large farm owners were more likely 
to incorporate commercial BCAs into their IPM program and received better profit than 
small farm owners. Some technological barriers influenced the adoption. Growers 
beleived that it is complicated, managing a multiple pest complex, and using chemicals 
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with commercial BCAs. In addition, commercial BCAs are not used by organic growers. 
Growers ruled out insecticide resistance and insecticide withdrawal as driving factors for 
the adoption of commercial BCAs. Growers did not receive any support from the 
government except information. Growers are willing to incorporate commercial BCAs 
into their pest management if it fulfilled certain conditions. 
 
This result raises the prospect of the commercial BCAs producer focusing on non-users to 
increase their adoption. The question remains as to whether insectary companies will be 
successful in convincing these non-users. Non-users have perceptions about the difficulty 
of adoption of commercial BCAs that are not realistic. Perhaps insectary companies can 
change non-users views through education and technical support. In this area further 
research is necessary perhaps Participatory Action Research. This study identified that it 
is necessary to analyse costs and benefits and this should be done before and after the 
adoption of commercial BCAs. Several other areas have been identified as of potential 
interest for further research to a better understanding of adoption of commercial BCAs. 
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Chapter 7: General discussion 
 
This study focused on the Australian commercial insectary industry. This industry 
commercially produces biological control agents (predators, parasitoids and nematodes of 
invertebrate pests) which are the agents for augmentative biological control. 
Augmentative biological control in Australia is being hindered by a range of factors and 
as a consequence the Australian commercial insectary industry is not expanding to the 
same extent as in other countries. These factors were identified by insectary owners 
(industry participants), researchers (who are doing research on citrus pest management) 
and citrus growers, and uncovered the fundamental barriers and drivers of this industry. 
This chapter synthesises and discusses the broader implications of the results presented in 
Chapters 4, 5 and 6 (Objectives 1, 2 and 3) to the overall aim of this project.  
 
The Australian commercial insectary industry started with citrus pest management. To 
follow the trend of the world’s first insectary in the USA (1950), the first two Australian 
insectaries were established to reduce the insecticide cost in citrus pest management. 
Perhaps after World War II, growers had a difficult economic situation and wanted to 
reduce the pesticide cost and were looking for alternatives such as biological control. As a 
result insectary establishment was initiated in Australia (in 1971 and 1981) as well as 
around the world (Furness et al., 1983; Papacek and Smith, 1992).   
 
Over the past 40 years the Australian industry has expanded from one company to five in 
2014 (Chapter 4). The reduction in number from seven (in 2011) to five was because two 
small companies merged with two large companies in different states. In Europe, the use 
of commercial BCAs in greenhouses began to reduce the use of pesticides (Hajek, 2004). 
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The Australian insectary industry was started in 1971 but currently it is far behind the 
European insectary industry that was founded in 1968.  
 
Historically, economics, insecticide resistance and pesticide reduction were the driving 
factors that initiated the insectary industry. Perhaps pesticide reduction was the major 
factor that drove today’s European insectary industry. In Australia, the growth of this 
industry became static after the initial (1991–2001) expansion. Recently this industry has 
further expanded (2011–2014) its product lines due to the insecticide resistance of two 
major pest insects. Insecticide withdrawal has also influenced the expansion of this 
industry. Interviewed insectary owners, researchers and  many other researchers identified 
these factors that enhance the expansion of the insectary industry around the world 
(Trumble, 1998; van Lenteren and Bueno, 2003; Warner and Getz, 2008; Pilkington et al., 
2010; Cock et al., 2010; van Lenteren, 2012). In this study, citrus growers ruled out these 
factors because they did not see the historical point of view, they just considered their 
own situation. Perhaps, from the history of this industry establishment and expansion, the 
Australian insectary owners will get future direction for the expansion of their insectary 
companies. 
 
Currently (2014), five Australian insectary companies are operating commercially and 
mainly serve the horticulture industry. The  European industry is the largest industry in 
the world and produces 175 species of commercial BCAs to control many pests in many 
cropping systems (van Lenteren, 2012). Compared with European and American 
industries the Australian insectary industry is very small in many aspects such as gross 
sales and employment.  
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The Australian insectary industry is a very small economic sector and has estimated gross 
sales well below AUD$10 million for the 2010–2011 financial year. According to the 
Australian Pesticides and Veterinary Medicines Authority (APVMA) the insecticide 
market was AUD$363.7 million (US$393.4 million) for the 2010–2011 financial year. 
The Australian commercial BCAs market constituted less than 3% of the Australian 
insecticide market. The global commercial natural enemies market for greenhouses were 
estimated at about 150–200 million Euros (about US$167–223 million) in 2008 and the 
most important markets are in Europe (75% of the market value), followed by North 
America (10%) (Cock et al., 2010).  
 
In terms of employment, only two Australian companies are relatively large (employing 
more than ten people). Out of the 30 world’s largest commercial insectary companies, 20 
are located in Europe and one of the largest companies employed more than 600 people in 
2011. In North America 22 insectary companies employed a total of approximately 200 
employees (Warner and Getz, 2008).  
 
Many factors are involved in the lack of growth of the Australian industry. The factors are 
discussed below: 
 
The cost of a new insectary establishment as well as the established insectary is one of the 
major barriers in Australia. There were not sufficient sales at least in the first year to 
cover all the expenses. Currently most of them were facing challenges to expand their 
infrastructure which was needed for their business expansion. Interviewed researchers 
also pointed out the need to produce cost-effective products but it was a small operation 
and could not produce them.  Often an unexpected operating cost (e.g., contamination of 
the host insect population) posed a greater threat to a new insectary and the economic 
194 
 
viability of an established insectary as well (Warner and Getz, 2008). This study was 
consistent with other studies that identified that the barriers to maintaining the host 
populations (insects or plants) are more expensive and challenging than rearing the actual 
commercial BCAs (Penn, 1998; Warner and Getz, 2008). In addition, many species are 
used seasonally, especially for outdoor crops, but producers have to maintain that species 
year round (Hale and Elliott, 2003). The rearing system also needed a controlled 
environment which required an extra cost. Perhaps, there is an opportunity available for 
this industry to produce multiple commercial BCAs from a single host and thus reduce 
the production costs.  
 
This study revealed that bringing a new commercial BCA into the market is one of the 
major barriers to this industry. Previously, perhaps this industry followed a single-target 
approach but recent examples provide evidence that this industry can overcome most of 
these barriers through a multi-target approach. This means finding a single commercial 
BCA that controls a pest that damage multiple crops or a commercial BCA that controls 
multiple pests. This multi-target approach helps to bring different industries together. 
Eretmocerus hayati Zolnerowich and Rose (Hymenoptera: Aphelinidae), is a parasitoid of 
the Silverleaf whitefly which is a key pest in different crops (such as cotton, fruit and 
vegetables) in Australia. This pest developed resistance to multiple insecticides. No 
effective parasitoids were available in Australia because this pest was introduced recently 
(1992–1993). Collaborative research with insectaries, government and other industries 
brought this parasitoid (E. hayati) from Texas to Australia for evaluation as a biological 
control agent (Goolsby et al., 2005; DeBarro and Coombs, 2009). The insectary industry 
saw opportunities with this biological control agent in glasshouses as well as broad acre 
cropping systems and moved to exploit this new market. Currently this commercial BCA 
is commercially available in the Australian market (DeBarro and Coombs, 2009; Bugs for 
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Bugs, 2015). A similar type of collaborative research has been undertaken on fruit 
spotting bug management in different crops (different fruit and nuts). One of the effective 
broad-spectrum insecticides, Endosulfan, used against the bug, has been deregistered 
globally. As a result a parasitoid, Anastatus spp. (Hymenoptera: Eupelmidae) of fruit 
spotting bugs, Amblypelta spp. (Hemiptera: Coreidae) is currently under development in 
Australia (Huwer et al., 2011).  
 
This discussion indicates that collaboration is essential to bring a new commercial BCA 
into the pest control market. Collaboration is also essential within this industry such as 
sharing information and marketing. This industry can even collaborate with overseas 
insectaries such as the European insectary industry. A study on the North American 
insectary industry found that insectary owners believed that the European scientific 
communities can provide basic and applied research support which is essential for the 
insectary industry expansion (Warner and Getz, 2008). Another option may be merging 
insectaries which may help to broaden product lines and the customer base. Recently two 
Australian insectaries were merged with two larger insectary companies that help them to 
increase product lines and the customer base because these insectaries were situated in 
different states. This type of collaboration and merging will help this industry expand.  
 
Collaboration is also essential for the successful implementation of commercial BCAs. 
The commercial BCAs are applied in a system which needs to be favourable for them to 
make them effective. Other studies found that a multi-disciplinary approach is necessary 
for the successful implementation of commercial BCAs (Ehler, 1991). Therefore, 
collaboration is crucial at the industry level and in the adoption of commercial BCAs as 
well. Collaboration is also essential with the pest management consultancy organisations 
or other distributing companies that have enough technical support staff to market 
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commercial BCAs because growers, especially small farm owners, need technical 
support. Perhaps a group of growers can hire a consultant to implement the commercial 
BCAs into their pest management program. 
 
Market size is one of the major factors that hindered the growth of the Australian 
insectary industry. Most of the European companies export their products around the 
world. A large number of greenhouse cropping systems are found in Europe and in the 
greenhouse cropping system pest populations increase very quickly. Pest insects 
reproduce faster under this favourable environment. This demands more frequent 
insecticide applications. As a result pests developed resistance to insecticides very 
quickly and growers looked for alternatives such as IPM and commercial BCAs (van 
Lenteren and Woets, 1988; van Lenteren, 2000a).  In addition, most of the greenhouses 
are located in urbanised areas. As a result the use of pesticides is restricted (van Lenteren 
et al., 1997; Warner and Getz, 2008). The opposite situation exists in the Australian 
insectary industry.  
 
Previously this industry exported commercial BCAs in several countries. Interviewed 
insectary owners and researchers both pointed out that biosecurity is a huge issue for 
export and import of commercial BCAs in Australia as well as overseas. In this regard 
interviewed researchers and other researchers pointed out that most of the pests were 
introduced in Australia (New, 2002). Often no natural enemies are available for a 
particular pest so it is necessary to import natural enemies from overseas for successful 
pest management. This is one of the barriers for this industry’s growth. In many other 
countries, insectaries face the same barriers for the international movement of commercial 
BCAs (Warner and Getz, 2008). Biosecurity is not only a problem for the international 
market but also creates problems for the domestic market as well. Often interstate 
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biosecurity creates problems for rearing host materials as soil and plant movement is 
restricted between different states. The interstate barrier for the Queensland fruit fly was a 
serious impediment for this industry. Interviewed citrus growers pointed out that it 
created major conflict and likely to have negative influence on the adoption of 
commercial BCAs. Recently the states of NSW and Victoria have abandoned the fruit fly 
exclusion zone at their border because of repeated infestation and the loss of key 
insecticides through deregistration. Instead they have tried to develop a long term 
management strategy for Queensland fruit flies (NSW Department of Primary Industries, 
2012). South Australia continues to maintain fruit fly exclusion and use Sterile Insect 
Techniques (SIT) to eradicate fruit flies (Primary Industries and Regions SA, 2015). This 
will help the Australian insectary industry overcome the domestic biosecurity barriers. As 
well their clients (growers) might not be forced to use chemical pesticides. Many 
countries such as Mexico use mass reared parasitoids (Diachasmimorpha longicaudata 
(Ashmead) (Hymenoptera: Braconidae) to control Mexican fruit fly Anastrepha ludens 
(Loew) (Diptera: Tephritidae) (Cancino and Montoya, 2006). Similar type of mass 
rearing method of two species of Queensland fruit flies’ larval parasitoids, 
Diachasmimorpha kraussii and D. tryoni is underway in Australia (Agriculture Today, 
2010). These biological control agents will help this industry to further expand. 
 
Another reason may be supply chain or logistic problems. Any delays can result in 
degradation of insect quality (Warner and Getz, 2008).  In the Australian market logistics 
is not only a barrier for the export market but for the domestic market as well. All 
insectaries were established in the rural areas in Australia and the question may arise why 
the insectaries were established there? This study reveals that major cities are expensive. 
Secondly, customers are based in the rural areas as well.  For the success of the business 
they should be nearby to the customers. Perhaps they did not consider customers outside 
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these areas. As a result the industry remained hidden as reported by interviewed 
researchers (Chapter 5). Many European insectaries established their production facilities 
in different countries to overcome these barriers (Warner and Getz, 2008). There were no 
such types of overseas production facilities established by the Australian insectary 
companies.  
 
In Australia, the broad acre cropping system is the biggest system. Currently the protected  
cropping system is expanding rapidly especially in the tomato industry for the hydroponic 
cropping system (Taig, 2009). Perhaps this will drive the Australian insectary industry for 
future expansion. In Europe, the major parts of commercial BCAs are used in 
greenhouses but in the USA, most of the commercial BCAs were sold for application in 
open field crops (van Lenteren et al., 1997; van Lenteren and Bueno, 2003; Warner and 
Getz, 2008). Australia followed the USA trend and perhaps this may be one of the 
barriers for the industry expansion. In addition, European protected cropping systems use 
bumble bees as pollinators whereas mechanical pollinators are used in Australia. This 
may be another driver in European insectary industry expansion due to the low tolerance 
of bumblebees to pesticides. Greenhouse growers are required to adopt IPM strategies 
involving the use of commercial BCAs.  
 
The Australian insectary industry has not yet penetrated into the Australian organic 
cropping system. The retail value of the ‘organic market’ in Australia was estimated at 
least AUD$1 billion in 2010 with annual growth projections ranging from 10% to 25% 
for the years ahead (Monk, 2012). This market is one of the windows of opportunity for 
the Australian insectary industry expansion. Many researchers, and the national and 
international guidelines, recommended the use of parasitoid and predator commercial 
BCAs for pest management in organic farms (Horne, 2007; Zehnder et al., 2007; Neeson, 
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2007; Madge, 2009). Some researchers found obstacles such as organically registered 
pesticides that may cause the commercial BCAs to be less effective within the organic 
cropping systems (Speiser et al., 2004; Thakore, 2006; Zehnder et al., 2007; Vanaclocha 
et al., 2013). Other studies found that most organic growers rely primarily on 
conservation biological control techniques. As a result they manage the whole system 
which leads to higher natural enemy diversity or use biopesticides that are particularly 
registered for the organic cropping system (Furlong et al., 2004; Warner and Getz, 2008; 
Macfadyen et al., 2009). In addition, organic food consumers have different attitudes 
from the other consumers because they accept blemishes on fruit and vegetables at a 
certain level. As a result, organic growers get higher premiums, and perhaps they accept a 
higher level of crop damage (Monk, 2012).  
 
The lack of growth of the Australian insectary industry depends on the growers’ adoption 
of commercial BCAs. A wide range of factors has impact on their decision. To implement 
commercial BCAs it is necessary to implement IPM because commercial BCAs are 
always used within an IPM program. There were many factors that influenced growers to 
adopt commercial BCAs.  
  
The survey results revealed that economics is one of the major factors that influence 
growers’ adoption of commercial BCAs (Chapter 6). Farm size is one of the economic 
factors that strongly influence the commercial BCAs user and non-user growers. Non-
user citrus growers believed that using commercial BCAs required some resources such 
as knowledge and time. Large farm owners meet these requirements and were more likely 
to apply commercial BCAs into their pest management programs. This is consistent with 
other results that large farm owners were more likely to adopt a new technology (Feder et 
al., 1985; Fernandez-Cornejo, 1996; Shennan et al., 2001; Grogan and Goodhue, 2012; 
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Akudugu et al., 2012). Interviewed insectary owners indicated that their volume of 
production was increasing because growers increased their farm size which indicates that 
farm size has a large impact on the expansion of this insectary industry.  
 
Small farm owners differ among different countries  (Bijman et al., 2007). For instance, 
in Europe most of the growers were small farm owners but they were influenced by 
several other factors such as legislation, greenhouses, and consumers. Basically, 
commercial BCAs are not expensive but monitoring and the releasing process make it 
expensive  (Moser et al., 2008). If this insectary industry wants to attract these small farm 
owners then they needed to give them technical support. Perhaps this is one of the major 
factors that hindered the growth of this industry because this industry is horticulture 
based. Most of the horticultural growers are small farm owners in Australia. This result 
showed   that the insectary industry serves mostly large farm owners and expanding their 
business is based on this small group of large farm owners. 
 
Technological barriers are other factors that deterred growers from adopting commercial 
BCAs. Often this industry offers a single commercial BCA for a particular cropping 
system whereas interview and survey results showed that citrus growers faced multiple 
pest problems (Chapter 6). Then growers do not have any choice other than some 
insecticide application. There were many other technological barriers that created 
problems.   
 
Regional effects or climatic conditions have a major influence on the growers’ adoption 
of commercial BCAs. Interviewed researchers and citrus growers reported that often one 
major pest in one region became a minor pest in another region or in different climatic 
conditions. Other studies found that climate is perhaps the most important factor that 
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influenced insects’ physiological development, migration and dispersal (Risch, 1987; 
Selvaraj et al., 2013). Similarly, the availability and activities of natural biological control 
agents depends on different regions and climatic conditions. For example Aphytis melinus 
is extensively distributed in the citrus districts of Victoria, South Australia, Western 
Australia and inland New South Wales and in Alice Springs in the Northern Territory 
(Smith et al., 1997). Aphytis lingnanensis is an effective parasitoid of red scale in 
Queensland and perhaps in northern New South Wales as well (Papacek and Smith, 
1992). To implement commercial BCAs, insectary owners and researchers must be aware 
of the entire pest complex, their interactions with other insects and organisms in a crop 
and  climatic factors, but often researchers have focused on a single pest (Olsen et al., 
2003; Horne et al., 2008). Basically, this result indicates that insectary owners and 
researchers are required to consider a holistic approach to the implementation of 
commercial BCAs as a pest management tool.  
 
The surveyed results showed that the adoption of commercial BCAs required more 
knowledge and training. Several options may be available for the insectary companies to 
support growers. One option may be that products are supplied through consultants or 
distributing companies that have enough technical support staff. This study revealed that 
a few of the insectary companies supply commercial BCAs through consultants and this 
also broadens the customer base. Other researchers pointed out that conflict of interest 
may arise if distributors sell chemical pesticides as well. Often growers take commercial 
BCAs from different insectary companies because one insectary may be unable to provide 
all the required commercial BCAs. In that case, the insectary company faces challenges to 
implement successful biological control (Valentin, 2003). Insectary owners need to be 
strategic and consider all available options. 
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Initially, all the Australian insectary companies gave consultancy services and perhaps 
that was one of the reasons to expand the companies at a certain level. The Australian 
insectary owners sell their products direct to the customers. In other countries such as in 
North America, growers buy commercial BCAs from retail outlets, which perhaps give 
consultancy services as well (Warner and Getz, 2008). In Europe, most of the insectaries 
gave consultancy services to the growers. This type of service is essential for this 
business because this business is specialised and knowledge intensive.  
 
Growers’ attitudes play an important role in the adoption of commercial BCAs. This 
study pointed out that some growers have different attitudes towards the commercial 
BCAs. Many researchers reported that any change is stressful which significantly 
influence the growers’ decision making process (Feder et al., 1985; Pannell et al., 2006; 
Horne et al., 2008). The survey results showed that most of the commercial BCA non-
user citrus growers were not confident with commercial BCAs. On the other hand they 
perceived chemical pesticides to be effective (Chapter 6).  
 
Growers are largely influenced by pest management consultants and extension agents. 
Many insectary owners realise that the implementation of commercial BCAs requires an 
alternative approach or extension education. Often extension agents undercut growers’ 
confidence on commercial BCAs around the world (Warner, 2007; Warner and Getz, 
2008). This study shows that extension agents required education about commercial 
BCAs because they are the agents to change growers’ attitudes (Chapters 4 and 5). In 
Australia, historically agricultural extension services have been provided by State 
Departments of Agriculture. This has been substantially changed and varies from state-to-
state. South Australia and Western Australia have almost no staff, NSW, Victoria and 
Queensland have significant extension capacity but these states also focused on farmer 
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groups rather than one-to-one extension services (Marsh and Pannell, 2000; Rose, 2005). 
Many researchers pointed out that failure to adopt IPM or commercial BCAs is largely 
dependent on extension services (Malone et al., 2004; Kaine and Bewsell, 2008).   
 
In addition, interviewed researchers noted that during the last two decades the citrus 
industry as well as other horticulture industries has become export oriented. Often to meet 
the export market requirements they use chemical based pest management or an IPM 
program. The export market requirements were different and influenced this industry in 
both a positive way, such as the European market may need lower pesticide residues, and 
a negative way, such as some USA and Asian markets may require blemish free fresh 
produce. In that case, growers have to use chemical pesticides to produce cosmetically 
perfect fruit and vegetables.  
 
Consumers’ awareness is very important because the consumer can create market pull 
that changes the growers’ thinking about the use of pesticides (Pilkington et al., 2010; van 
Lenteren, 2012). Other studies found that organic food consumers’ attitudes are different 
from other consumers. They are motivated by a range of benefits from eating organic 
foods such as chemical free, additive free, environmentally-friendly, and no genetically 
modified organisms (Monk, 2012). This study pointed out that similar type of motivation 
is required for the IPM produced fruit and vegetables but it was also revealed that 
supermarkets and horticultural industries were reluctant to promote IPM produced fruit 
and vegetables. For consumer education the insectary companies can establish IPM shops 
or contact local shops that sell fresh produce only. They can encourage these shop owners 
to sell IPM produced fruit and vegetables and play videos that will show how these 
products are grown. Even in the major cities that type of shop can sell IPM produced fruit 
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and vegetables. Even in big supermarkets like Coles and Woolworths this can be done. 
Perhaps this will increase consumers’ awareness about IPM. 
 
Many countries have withdrawn hazardous pesticides or levy pesticide taxes or reduced 
the registration fees for biopesticides to promote commercial BCAs (Cannell, 2007; 
Pilkington et al., 2010; van Lenteren, 2012). For example, in 2009 the European Union 
adopted IPM legislation to achieve sustainable use of pesticides, and priorities non-
chemical methods (Schellhorn et al., 2013). In addition, the European growers get direct 
financial support from the government as well (Moser et al., 2008; Geiger et al., 2010). 
This study suggested such types of legislation are needed in Australia to promote 
commercial BCAs and enhance this industry’s expansion.  
 
Direct market competition exists in the Australian insectary industry, which may be 
another barrier for the expansion of this industry. One company (direct competitor) offers 
the same products (that produced by the other company) to the same market and customer 
base and created direct market competition within this industry (Oman, 2011). This direct 
competition might be creating price competition and commercial BCA’s quality 
degradation. This study revealed that insectary owners were very concerned about direct 
competitors. They were cautious to hire and train people or keep secret their rearing 
information because it will be risky for their business. Other researchers described how 
the insectary companies have little protection except to keep secret their production and 
not to facilitate competition (Cock et al., 2010). Pesticide research and development is 
protected by the international laws that give the security of the intellectual properties to 
the chemical companies that develop a new chemical pesticide (Javier et al., 2010). There 
is no registration or patents in the domain of the Australian insectary industry except for 
nematodes which are patent protected. The Australian insectary owners believed that the 
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patenting process is expensive and required certain levels of experience and time. Most of 
the countries, such as the European countries and the USA, have patent protection for 
commercial BCAs (Bera, 2009; Javier et al., 2010). As a result, perhaps they can expand 
their business. One of the European companies runs their business in several countries 
and markets in 45 different countries and employed more than 600 people in 2011 
(Warner and Getz, 2008; van Lenteren, 2012).   
 
In Australia, most of the companies are poorly capitalised and occupied a niche market. 
The lack of patents makes this industry a risky business and constrains the 
commercialisation and integration of commercial BCAs into crop protection. Perhaps this 
is one of the reasons different funding bodies reduced their investment in this industry 
research. The patent process can bring new and improved commercial BCAs into this 
market or the large insectary companies perhaps can give or sell licenses to the secondary 
insectary companies and expand their business (Javier et al., 2010).  
 
The insectary owners have hands on experience and a lot of data but never publish it in a 
scientific journal. Perhaps they were not interested, or wanted to maintain business 
secrecy, or do not have time to publish. Often insectary companies were unsuccessful in 
commercially developing a new biological control agent and this information remains 
unpublished. If this information is published then perhaps this information may be helpful 
for the future development of a new commercial BCA. The augmentative biological 
control research area will also be richer for this information. A new insectary owner with 
no published knowledge to rely on needs to start afresh, which involves large amounts of 
money and time. Perhaps this information secrecy or not publishing may be one of the 
important impediments for the expansion of this industry.  
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As one-person operated businesses the Australian insectary owners are very happy 
because they are economically viable,   and reached certain levels of expansion. They do 
not want to expand further and a few of them reported that they do not have the 
infrastructure to produce and serve a larger number of consumers. Perhaps protectiveness 
or business secrecy is one of the main barriers for this industry expansion. As mentioned 
before the insectary owners are concerned about competitors. Conversely, if they train 
more people for technical support to growers and for rearing systems then they can 
expand their business. Firstly they can produce cost-effective products and attract more 
growers especially small farm owners. The adoption of commercial BCAs is information-
intensive and required a consultant for technical support. As a result this industry could 
not penetrate the vast majority of the Australian horticulture growers. If these companies 
can attract these small farm owners then this industry will expand rapidly and change the 
whole scenario. Secondly, these companies will be able to establish rearing facilities in 
different states, even overseas and overcome biosecurity and logistics barriers. This 
industry will be able to invest more money for researching quality issues of commercial 
BCAs or to develop a new commercial BCA. They can promote commercial BCAs and 
this will create a bigger market. As a result this industry will be expanded. The insectary 
companies need to patent their products (rearing information and pest control techniques 
because free living organisms cannot be patented) in order to encourage the expansion. 
According to the results obtained in this study several areas needed further research. More 
research is needed on technological complexities. Limited research has been done on why 
organic growers do not use commercial BCAs, so this area warrants further investigation. 
Some social research on growers and consumer attitudes will help to implement 
commercial BCAs and enhance the expansion of the Australian commercial insectary 
industry. 
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Chapter 8: Stakeholder feedback, 
recommendations and overall conclusions 
 
Using multiple strategies or methods in Participatory Action Research (PAR) gathers the 
different perspectives of participants who are involved and increases the rigor and 
trustworthiness of PAR projects (Lennie, 2006). This research has a PAR framework and 
completed early interventions but did not complete the successive cycles because of time 
constraints and funding (see Chapter 3). This chapter further explores the views of these 
three groups (Australian insectary owners, citrus pest management researchers and citrus 
growers) totalling 27 of the sample population, all of whom had been previously 
interviewed. Accordingly, a summary report with preliminary results from the specific 
Objectives 1, 2 and 3 was sent to the interviewees and comments on the summary were 
canvassed. This feedback is incorporated into the final results and thus enhances the 
trustworthiness of the results (Lennie, 2006). The feedback helped to understand how 
interrelated variables affected one another and together developed the joint construction 
of the critical components of the commercial BCA adoption system. On the basis of the 
final results, recommendations and overall conclusions were developed. 
 
This chapter addresses the specific Objective 4 (Chapter 1 and 3, Figure 3.2): 
 
Integrate Objectives 1, 2 and 3 to determine the economic, social and political 
factors that impact on the Australian commercial insectary industry and identify 
opportunities for this industry and public policy to create the environment to assist 
the industry.  
 
8.1 Introduction 
 
Participatory research approaches are a powerful methodology for increasing the 
relevance and effectiveness of research (Bruges and Smith, 2008). This methodology also 
208 
 
ensured that knowledge and resources better addressed local issues when researchers and 
growers worked together (Taylor, 2013). Participatory research also helps to develop 
better recommendations by making better use of participants’ knowledge (Pannell et al., 
2006). Participatory approaches are flexible multiple strategies which increase the rigour 
and trustworthiness of the research are recommended (Lennie, 2006; Carter, 2008). Many 
studies have shown that the use of multiple data sources and collection techniques to 
study a single question, called ‘triangulation’, increases the trustworthiness of the 
research results (Staley and Shockley-Zalabak, 1989; Lennie, 2006). This research 
focuses on a particular industry, ‘the Australian insectary industry’. An interview and 
questionnaire survey was conducted with the insectary owners, citrus pest management 
researchers and citrus growers to understand this industry, how it is operating, its growth, 
what problems it currently faces and what needs to be done for further development of 
this industry. A summary report was sent to the interviewees (who had been previously 
interviewed) for further input into the development of recommendations. This process is 
consistent with the PAR. 
 
8.2 Methods 
 
The key findings from the specific Objectives 1–3 (Chapters 4–6) were analysed, 
synthesised and discussed in Chapter 7. From this analysis and synthesis, a summary 
report was written which was used as a research tool to collect further comments and 
recommendations from the Australian insectary owners (9), citrus pest management 
researchers (9) and citrus growers (9).  This report and cover letter was sent to the 27 
participants by email on 26 July 2015 (Appendix 6). The report is in Box 8.1.  
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Box 8.1: A summary results report that was used as stakeholder feedback collection tool. 
A comprehensive study of the Australian commercial insectary industry and its implications for 
augmentative biological control 
 
Mahmuda Begum*, Peter Ampt and Sarah Mansfield 
 
Faculty of Agriculture and Environment, The University of Sydney, NSW 2006 Australia. 
* Corresponding author, Telephone: +61 2 86271064; Fax: +61 2 86271099;  
Email Address: mahmuda.begum@sydney.edu.au 
 
The Australian commercial insectary industry produces biological control agents (predator, parasitoid 
and nematode BCAs) to control pests. The adoption of commercial biological control agents (commercial 
BCAs) by growers is hindered by multiple factors. As a consequence the Australian insectary industry is 
not expanding to the same extent as in other countries. 
 
The purpose of this study was to address the lack of growth of this industry and develop 
recommendations that will encourage industry expansion. During 2011–2013, interviews (27) were 
conducted to identify the perspectives of insectary owners, citrus pest management researchers and citrus 
growers. A national survey of citrus growers was also conducted during 2012–2013. 
 
The Australian insectary industry started with citrus pest management in the 1970s. Over 40 years the 
industry has expanded from one company and one commercial BCA to five companies and 36 
commercial BCAs in 2014. This expansion was largely in response to one pest (two-spotted spider mite) 
developing resistance to multiple insecticides in Australia. After this initial (1991–2001) expansion the 
industry has stopped growing. 
 
Currently, two insectaries produce most of the commercial BCAs and most insectaries have produced 
just one species for the past 10–20 years. Most of the companies are poorly capitalised and occupy a 
niche market that has estimated gross sales well below AUD$10 million for the 2010–2011 financial 
year.    
   
The size of the domestic market for commercial BCAs is very small and there is no export market. The 
industry is primarily horticulture based in Australia. Only a few organic growers use commercial BCAs. 
 
Users of commercial BCAs have larger farms, more employees and achieved higher crop values per year 
than non-users. Users also usually work with a consultant. The complexity of the adoption of commercial 
BCA is the main reason that deterred small farm owners.  
 
The insectary owners were very cautious to keep secret their rearing methods or other information 
because of commercial confidentiality. They were also cautious about training people. This constrained 
commercialisation and integration of commercial BCAs into crop protection.  
 
It is clear that this industry faces many barriers. These are:  
 
a) The cost of establishing a new insectary is very high. 
 
b) To develop a new commercial BCA requires a large amount of money and research but this industry 
by itself does not have the resources.  
 
c) Logistics created problems because any delays in transit might damage the commercial BCA’s 
quality significantly. The industry is dependent on long distance transport because the industry and 
its clients are both based in rural areas and Australia is a large country.   
 
d) Interstate biosecurity is one the barriers to industry expansion, especially the movement of soil and 
plant materials. Biosecurity is also an issue for export and import of commercial BCAs in Australia. 
 
e) Adoption of commercial BCAs is information intensive and needs intense monitoring. As a result 
non-users, who are usually small farm owners and represent a large proportion of the citrus industry, 
are less likely to adopt commercial BCAs.  
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f) Commercial confidentiality creates a major barrier to industry expansion because there is direct 
competition between companies producing commercial BCAs.  
 
g) In Australia, only nematode commercial BCAs are patent protected but the lack of patents for the 
remaining commercial BCAs makes this industry an unprotected business. The commercial BCA 
rearing methods and other associated technologies for their use may be the main subjects for patent 
because free living, naturally evolved organisms cannot be patented. In this regard, interviewed 
insectary owners perceived that the patenting process is expensive and requires a certain level of 
experience and time.  
 
Interviewed insectary owners and researchers made some recommendations and the survey results agreed 
with some of their recommendations. This study recommends that: 
 
1. Patents are essential for expansion of the Australian insectary industry. The Australian insectary 
owners need to change their attitude towards the patent system, like the American and the European 
insectary owners. Otherwise it will not be possible for the Australian insectary owners to expand 
their business as well as expand the industry as a whole.  
 
2. The Australian insectary owners need collaboration with other research organisations. Collaboration 
is also essential between the industries (different crops) and within this industry (for marketing and 
sharing information). 
 
3. The Australian insectary owners need a multi-target approach to develop a new commercial BCA   
which controls a key pest of multiple crops or controls multiple key pests. This approach also 
reduces the production costs by use of one rearing host (such as host insects, soil, plants, fruits, 
vegetables, or other natural and artificial diets) for production of multiple commercial BCAs. 
 
4. Growers (especially small farm owners) need technical support to incorporate commercial BCAs 
into their pest management program. Perhaps the industry can develop technical support software for 
growers such as phone apps. 
 
5. More species of commercial BCAs are necessary to manage all of the pests in a particular crop, for 
instance, citrus crops.  
 
6. Very few organic growers use commercial BCAs. The insectary industry needs to focus on organic 
farmers and encourage their uptake of the right commercial BCAs. 
 
7. The Australasian Biological Control Association Inc. needs to join with other related associations to 
form a lobby group to convince government to support this industry. Initiatives such as wider 
education about IPM and the introduction of an IPM logo for fresh produce to promote fresh produce 
grown using IPM are possible. Pest management consultants, extension officers and growers will 
benefit from such as a lobby group. 
 
Therefore, the Australian insectary owners, policy makers, IPM researchers and practitioners need to take 
these recommendations into consideration to expand this industry. Several areas warrant further research 
to better understand adoption of commercial BCAs and how to support expansion of this industry.  
 
 
 
The first reminder email was sent to the interviewees on 4 August 2015 and the second 
reminder email sent on 12 August 2015. On 19 August 2015 final reminder calls were 
made by telephone because only 50% of the interviewees had replied by that date. During 
27 July–27 August 2015 interviewees’ feedback was collected through email. A total of 
211 
 
21 (out of 27) interviewees replied by 27 August 2015 which is a response rate of 78%  
including insectary owners (8/9), researchers (8/9), and citrus growers (5/9). 
 
Analysis of stakeholder  feedback  
 
Respondents’ feedback included points of agreement and disagreement, some new 
discussion points and some additional recommendations. This feedback was summarised 
according to the three groups: insectary owners, researchers and citrus growers. These 
summaries are discussed below.   
 
8.3 Stakeholder feedback discussion 
 
A majority of the researchers (5/8) and insectary owners (6/8) raised questions about the 
barriers and recommendation in the summary report and added further opinions and 
recommendations. The remaining insectary owners and researchers did not add further 
comments. A few of the citrus growers (3/5) added further comments about the same 
problems that were already discussed in Chapter 6. Most of these comments and 
recommendations are discussed in previous Chapters 4, 5, 6 or 7. In this Chapter, 
insectary owners, researchers, and citrus growers’ comments are discussed and expanded 
further.  
 
One of the researchers raised a question about the necessity of commercial BCAs and 
stated: 
 
“Augmentative releases are not required in many instances – particularly in 
situations where disruptive pesticides are not used….. some growers will 
purchase natural enemies annually as a ‘insurance policy’ in order to ensure 
supply if pesticides/climate ‘decimate’ established populations in orchards.” 
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Australian agriculture is becoming more export oriented. Different markets have different 
quality requirements and this is guiding growers’ pest management practices. Other 
researchers  noted that often the fresh market fruit is not allowed to have the same level of 
damage, especially cosmetic damage, as fruit for processing (Urquhart, 1999; Kaine and 
Bewsell, 2008). As a consequence, growers do not have a choice other than the use of 
pesticides. This study reveals that Chlorpyrifos (a broad spectrum insecticide) is widely 
used in citrus crops to avoid damage to the appearance of crops.  
 
Within the agriculture system sometimes the natural biological control agents are either 
absent or failed to control the pests due to several factors such as climatic and geographic 
conditions, or lack of hosts or lack of food or developmental timing and cropping systems 
(Obrycki et al., 1997; Wissinger, 1997; Sivinski, 2013). A high proportion of agricultural 
insect pests are exotic species because they were introduced into Australia through the 
international agricultural products trade and tourism (Bin and Bruni, 1997). Natural 
enemies are absent or endemic natural enemies do not effectively control these exotic 
pests (New, 2002). Researchers need to consider all of these factors before making 
recommendations about the use of augmentative biological control or not to use 
commercial BCAs.  
 
A few of the researchers raised questions about whether the organic cropping system is 
the appropriate target market for the industry. Another explained that when organic 
growers reduce or eliminate insecticide use then natural biological control agents move in 
automatically and they do not need to release commercial BCAs. Other researchers 
identified several other reasons such as organically registered pesticides and 
augmentation of commercial BCAs with the combination of other methods in organic 
farms may cause the commercial BCAs to be less effective than stand-alone use (Zehnder 
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et al., 2007). Some researchers’ pointed out that the organic grower achieved insufficient 
levels of pest control from naturally occurring biological control agents. The reliance on 
pyrethrum and Bacillus thuringiensis (Bt) is not sustainable, is expensive, and certainly 
not desirable in terms of pest management (Horne, 2007). The national and the 
International Federation of Organic Agriculture Movement (IFOAM) guideline 
recommend the use of parasitoids, predators and microbial commercial BCAs for pest 
management in organic farms (Zehnder et al., 2007; Neeson, 2007; Horne, 2007). One of 
the insectary owners pointed out that organic cropping is a very small part of production 
and not worth focusing on. The retail value of the ‘organic market’ in Australia was 
estimated at least $1 billion in 2010 with annual growth projections ranging from 10% to 
25% for the years ahead (Monk, 2012). Therefore, this market is one of the windows of 
opportunity for the Australian insectary industry expansion.  
 
One of the insectary owners believed that it is not possible to control all the pests with 
biological control. Some selective insecticides are needed in addition to commercial 
BCAs to achieve commercially acceptable outcomes. He pointed out that Australia is ten 
years behind Europe because the Europeans are supported by financial and legislative 
efforts in finding improved biological control solutions. They promote biological control 
and enforce more restrictions on pesticide use. In Chapter 5, the majority of the 
researchers believed that it is necessary to choose insecticides carefully so that they have 
sufficient efficacy on the pests. They also believed that selective insecticides may be 
benign on several groups of key beneficial insects but generally do still have significant 
toxicity to other groups of beneficial insects. 
 
One of the researchers pointed out that insecticide resistance and insecticide withdrawal 
are the biggest drivers for the expansion of this industry. This occurs especially in 
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greenhouses where pest insects developed resistance to insecticides very quickly because 
they reproduce faster and growers increased the frequency of insecticide application. One 
of the insectary owners also believed that currently their industry is growing due to 
insecticide resistance.  
 
This same insectary owner raised a question about the biosecurity barrier. He believed 
that biosecurity is not a problem in the domestic market and the biosecurity issue for 
import of biological control agents into Australia protects the Australian insectary 
industry from overseas companies. Perhaps he does not need to send soil or plant material 
as host with commercial BCAs. Sometimes growers had to use chemicals due to the 
interstate biosecurity for Queensland fruit fly, and thus they could not use commercial 
BCAs. This insectary owner did not consider that most of the insects are introduced in 
Australia and the industry needed to import some exotic species of biological control 
agents for successful biological control.  
 
Most of the insectary owners are not interested in patents because they believed that 
patents would not help the industry expansion. Different insectary owners expressed 
different opinions about patents including that patents are expensive and laborious. For 
example, an Australian standard patent for a single mechanical invention typically costs 
in the vicinity of AUD$30800 (including 10% Goods and Services Tax) for its 21 year 
life (http://www.wadesonip.com.au/patent-attorney-services/patents/patent-costs/). So 
their thinking is reasonable. To manage the patent costs the large insectaries could give 
licenses to the small companies. They also believe that the complexity of this technology 
would protect them. They think that patents are an impediment for the industry expansion 
because patents allow only the patent holder to rear that organism. Perhaps they did not 
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consider the European and American insectaries or chemical companies that are patent 
protected and have expanded their businesses internationally.   
 
One of the researchers agreed that some form of public subsidy is required like the 
European scheme to build a large hi-tech commercial production facility. A tax incentive 
to farmers who incorporate commercial BCAs into their IPM pest control practices might 
be an alternative. He also believed that this would address the barriers in Box 8.1 a, b and 
e.  
 
Insectary owners agreed with Recommendation 4 (Box 8.1) that growers needed technical 
support to incorporate commercial BCAs into their pest management program. They 
added further comments on this recommendation. One of them identified that skill 
shortage is a major barrier because an IPM consultant is quite a demanding job requiring 
a lot of time spent in the field. There are not too many students who are graduating in 
entomology and plant protection in Australia nowadays. Perhaps the younger generation 
does not like these disciplines or the type of jobs available. This warrants further research. 
Perhaps the insectary industry needs to find alternatives.  
 
Firstly this industry can develop technical support mobile phone apps for growers.  They 
can use Skype (or an equivalent app) for technical support to the growers because 
currently all growers use a smart phone. They can easily connect with technical support 
staff through Skype. One technical support staff can support one-to-one or group based 
technical support from his/her office.  
 
Secondly, perhaps insectary companies can find a volunteer grower in every crop 
growing area and educate that grower and give him support to develop a model farm. This 
industry can use him to educate growers as well as an advertising person. In Australia, in 
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rural areas, communications are direct as people to people. Growers believe neighbours’ 
messages rather than when told things by anyone else (Truscott, 2006). 
 
Finally, this insectary industry needs to develop insect identification and monitoring flash 
cards (flash cards are photographic and descriptive of the various life stages and 
monitoring tips). In other countries, such as the USA, the grape industry developed 50 
vineyard pest identification and monitoring cards (Varela and Bentley, 2011). These 50 
information-rich cards help growers, vineyard managers, and their teams identify and 
manage most common problems. Similar types of cards are needed for every crop which 
will help to reduce monitoring costs as well.  
 
Citrus growers raised a question that where will they find the right commercial BCAs. 
Growers do not have time to search for commercial BCAs or read everything on the 
insectary companies’ websites because most of the growers work long physical days. 
Insectary companies can establish rearing facilities or a retail office in different states or 
crop-growing regions or they can find retail agents in every cropping area. This will 
enable growers to easily access the sources of commercial BCAs.  
 
This industry needs to create its own market. The government can introduce new laws, 
give research support to this industry or incentive to the growers.  They can make it 
favourable for them but cannot create their market for them.  
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8.4 Recommendations 
 
This study discussed and synthesised the results and made some recommendations.  
 
1. Patents (rearing information and pest control techniques because free living 
organisms cannot be patented) are essential for expansion of the Australian insectary 
industry because without patent the insectary owners keep secret rearing methods 
and pest control techniques. They are cautious to train people for technical support 
but growers need technical support to adopt commercial BCAs. The insectary owners 
need to change their attitude towards the patent system and like the European and the 
American insectary owners support patent protection.   
 
2. The Australian insectary owners need collaboration within this industry, between the 
industries (different crops) and with other research organisations. Collaboration is 
essential for the actual implementation of commercial BCAs.  
 
3. The Australian insectary owners need a multi-target approach to develop a new 
commercial BCA which controls a key pest of multiple crops or controls multiple key 
pests. This can also reduce the production costs by use of one rearing host (such as 
host insects, soil, plants, fruit, vegetables, or other natural and artificial diets) for the 
production of multiple commercial BCAs.  
 
4. Growers (especially small farm owners) need technical support to incorporate 
commercial BCAs into their pest management program. Insectary companies can 
overcome technical support skill shortage in several ways:  
 
i. The Australian insectary industry can develop technical support software for 
growers such as phone apps. Insectary owners can also give technical support 
through Skype (or an equivalent program). 
 
ii. The Australian insectary companies need to educate growers through a model 
grower in each cropping area because rural Australia operates with people and 
communication works directly. 
 
iii. This industry needs to develop insect identification and monitoring flash cards 
that will reduces the monitoring costs substantially and help to manage most 
common problems that are caused by insects. 
 
5. More species of commercial BCAs are necessary to manage all of the pests in a 
particular crop. For instance in citrus crops growers face several major pest problem 
but only three commercial BCAs (Aphytis spp., C. montrouzieri and M. signata) are 
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available. Although these commercial BCAs control multiple pests more species or 
other techniques are all needed to control all of the pests. 
 
6. For consumers’ education the insectary companies can establish IPM shops or contact 
local shops that sell fresh produce and encourage them to sell IPM grown fresh 
produce and play videos that will show how these products are grown. The 
introduction of an IPM logo for fresh produce will encourage consumers to ask 
supermarket for products displaying with appropriate labels or logo. In many 
countries, private organisations set standards for the certification of agricultural 
products around the world such as GLOBALGAP. Integrated Pest Management is one 
of  the essential parts of its guidelines (van Lenteren, 2012). Television and radio 
programs will also increase consumers’ awareness.  
 
7. To ensure that growers can easily access the sources of commercial BCAs, insectary 
companies can establish a retail office in different states or crop growing regions or 
find retail agents in every cropping area.  
 
8. The organic market is expanding considerably. Very few organic growers use 
commercial BCAs. The insectary industry needs to focus on organic farmers and 
encourage their uptake of commercial BCAs. The retail value of this industry was 
estimated AUD$ 1 billion in 2010 with annual growth projections 10%–25% for the 
years ahead (Monk 2012).  
9. The Australasian Biological Control Association Inc. needs to join with other related 
associations (such as The Entomological Society of Australia) to form a lobby group 
to convince government to support this industry.  
 
10. Pest management consultants and extension officers require some education about 
IPM or commercial BCAs because they are the agents to change growers’ attitude and 
establish growers’ confidence in IPM or commercial BCAs.  
 
8.5 Overall conclusions  
 
This study constitutes the first report of the Australian commercial insectary industry. It 
shows how this industry started with citrus pest management in the 1970s and then 
expanded in a certain period (1991–2001) based on one pest (two-spotted spider mite) 
that developed insecticide resistance to multiple insecticides. Then this expansion ceased 
and currently the industry faces many barriers such as insectary set-up cost, lack of 
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research support, bringing a new species into the pest control market, logistic problems, 
interstate biosecurity problems, skill shortage and market competition.  
 
The market for commercial BCAs is very limited and there is no export market. The 
industry is primarily horticulture based in Australia. Commercial BCAs are mainly used 
in greenhouses (in Europe) but in Australia greenhouses are a very small proportion of the 
total production compared with broad acre cropping systems. Only a few organic growers 
use commercial BCAs.  
 
The most important finding of the citrus growers’ survey is the farm size (economic 
factor) that has a large impact on the adoption of commercial BCAs. Users of commercial 
BCAs have larger farms, more employees and achieved higher crop values per year than 
non-users. Users also usually work with a consultant. The study also revealed that the 
complexity of the adoption of commercial BCA is the main reason that deterred small 
farm owners from adopting it. They needed technical support which was not 
economically available to them. Skill shortage is one of the major barriers that prevented 
insectary owners from giving technical support to growers. This industry needs to find 
alternative ways to support growers and this study identified several potential options for 
them.  
 
This study identified that protectiveness is one of the major barriers for this industry 
expansion. Perhaps the reluctance to train people contributes to the shortage of skills 
described above. The Australian insectary owners are always concerned about 
competitors because there were no patents for the rearing or other technologies in 
Australia except for nematodes. This study also identified how patents will help the 
industry expansion.  
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The Australian insectary owners, policy makers, IPM researchers and practitioners need 
to take these recommendations (Section 8.4) into consideration to expand this industry. 
Several areas warrant further research to better understand the adoption of commercial 
BCAs. These areas are: promotion of commercial BCAs, selective insecticide use in IPM, 
commercial BCA use in the organic cropping system, market competition, patent 
protection, collaboration, skill shortage and protectiveness. Perhaps commercial 
confidentiality may be one of the important impediments for the expansion of this 
industry. Further study is needed to analyse the dynamics or changing aspects of 
commercial BCA adoption. The same growers should be followed by analysing the costs 
and benefits before and after the adoption of commercial BCAs. The present expansion is 
far behind what might be expected. The major impacts on the insectary industry 
expansion, patents, collaboration and government support are summarised in Figure 8.1. 
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Figure 8.1: The patents, collaboration and the government support have major impacts on the 
insectary industry expansion. 
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Appendix 1: Cover letter for the Australian insectary owners’ interviews. 
 
 
 
 
 
Letter for Interview with insectary owners 
 
Subject: A Comprehensive Study of the Australian Commercial Insectary Industry and it’s 
Implications for Augmentative Biological Control- Stage 1.  
 
Dear Participant, 
 
The study is being conducted by Mahmuda Begum (Student) and will form the basis for the degree of PhD 
at The University of Sydney under the supervision of Dr Sarah Mansfield (Principal supervisor) and Mr 
Peter Ampt (Associate supervisor). This project aims to identify factors which influence the behaviour of 
individuals and institutions engaged in commercial natural enemy production, release and distribution. 
This project will also investigate citrus growers’ attitudes to or perceptions of the use of augmentative 
biological control.  
 
All aspects of the study, including results, will be strictly confidential. Data will be analysed in an 
aggregated form. Any publication of results will have participants de-identified. However, your 
responses are important to understand the unfulfilled potential in augmentative biological control in 
Australia. 
 
I will send you a participant information statement and participant consent form soon and arrange a 
suitable time to conduct an interview with you in your office or by phone.  I hope you will be able to find 
time in your busy schedule to undertake the interview. Your participation in this interview is most 
appreciated and if you have any questions or enquires feel free to contact me by email at 
mahmuda.begum@sydney.edu.au or by Tel: 02 8627 1064.  
 
Yours faithfully, 
 
Mahmuda Begum (PhD Student) 
Faculty of Agriculture and Environment 
The University of Sydney 
 
Any person with concerns or complaints about the conduct of a research study can contact the Deputy 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
 
   ABN 15 211 513 464      Faculty of  Agriculture and Environment 
CHIEF INVESTIGATOR’S/SUPERVISOR’S 
NAME 
Dr Sarah Mansfield 
Senior Lecturer in Entomology 
 
Room 404, Biomedical Building C81  
AustralianTechnology Park, Eveligh, The 
University of Sydney NSW 2015, 
AUSTRALIA 
Telephone: +61 2 8627 1049,  
Facsimile:+61 2 8627 1099,  
Email: sarah.mansfield@sydney.edu.au  
Web: http://www.usyd.edu.au/ 
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Appendix 2: Cover letter for citrus pest management researchers’ interviews. 
 
 
 
Letter for Interview with Researchers 
 
Subject:  The University of Sydney research about the Australian Insectary Industry and it’s 
implication for augmentative biological control- Stage II.   
 
Dear Participant,         
                              
The University of Sydney’s researchers invite you to participate in the interviews on Australian Insectary 
Industry and its implication for augmentative biological control which is one of the components of this 
project. The study is being conducted by Mahmuda Begum (Student) and will form the basis for the degree 
of PhD at The University of Sydney under the supervision of Dr Sarah Mansfield (Principal supervisor) 
and Mr Peter Ampt (Associate supervisor). This project aims to identify factors which influence the 
behaviour of individuals and institutions engaged in commercial natural enemy production, release and 
distribution. This project will also investigate citrus growers’ attitudes to or perceptions of the use of 
augmentative biological control and researchers’ perceptions about the expansion of the commercial 
insectary industry and its implications for augmentative biological control in Australia.          
 
All aspects of the study, including results, will be strictly confidential. Data will be analysed in an 
aggregated form. Any publication of results will have participants de-identified. However, your responses 
are important to understand the unfulfilled potential of augmentative biological control in Australia. 
 
I will send you a participant information statement and participant consent form soon and arrange a suitable 
time to conduct an interview with you in your office or by phone.  I hope you will be able to find time in 
your busy schedule to undertake the interview.  
 
Your participation in this interview is most appreciated and if you have any questions or enquires feel free 
to contact me by email at mahmuda.begum@sydney.edu.au or by Tel: 02 86271064. 
 
Yours faithfully, 
Mahmuda Begum (PhD Student) 
Faculty of Agriculture and Environment 
The University of Sydney,  
Any person with concerns or complaints about the conduct of a research study can contact the Deputy 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au(Email).  
ABN 15 211 513 464      Faculty of  Agriculture and Environment 
CHIEF INVESTIGATOR’S/SUPERVISOR’S NAME 
Dr Sarah Mansfield 
Senior Lecturer in Entomology 
 
Room 404, Biomedical Building C81  
AustralianTechnology Park, Eveligh, The 
University of Sydney NSW 2015, 
AUSTRALIA 
Telephone: +61 2 8627 1049, 
Facsimile:+61 2 8627 1099,  
Email: sarah.mansfield@sydney.edu.au  
Web: http://www.usyd.edu.au/ 
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Appendix 3: Cover letter for citrus growers’ interviews. 
 
 
 
 
Letter for Interview with Citrus Growers 
 
 
Subject: A Comprehensive Study of the Australian Commercial Insectary Industry and it’s 
Implications for Augmentative Biological Control –Stage 1.  
 
Dear Participant, 
 
The study is being conducted by Mahmuda Begum (Student) and will form the basis for the degree of PhD 
at The University of Sydney under the supervision of Dr Sarah Mansfield (Principal supervisor), and Mr 
Peter Ampt (Associate supervisor). This project aims to identify factors which influence the behaviour of 
individuals and institutions engaged in commercial natural enemy production, release and distribution. This 
project will also investigate citrus growers’ attitudes to or perceptions of the use of augmentative biological 
control.  
 
All aspects of the study, including results, will be strictly confidential. Data will be analysed in an 
aggregated form. Any publication of results will have participants de-identified. However, your 
responses are important to understand the unfulfilled potential in augmentative biological control in 
Australia. 
 
I will send you a participant information statement and participant consent form soon and arrange a suitable 
time to conduct an interview with you by telephone. I hope you will be able to find time in your busy 
schedule to undertake the interview.  
 
Your participation in this interview is most appreciated and if you have any questions or enquires feel free 
to contact me by email at mahmuda.begum@sydney.edu.au or  by Tel: 02 86271064. 
 
Yours faithfully, 
Mahmuda Begum (PhD Student) 
Faculty of Agriculture and Environment 
The University of Sydney 
 
Any person with concerns or complaints about the conduct of a research study can contact the Deputy 
Manager, Human Ethics Administration, University of Sydney on +61 2 8627 8176 (Telephone); +61 2 
8627 8177 (Facsimile) or ro.humanethics@sydney.edu.au (Email). 
 ABN 15 211 513 464      Faculty of  Agriculture and Environment 
CHIEF INVESTIGATOR’S/SUPERVISOR’S 
NAME 
Dr Sarah Mansfield 
Senior Lecturer in Entomology 
 
Room 404, Biomedical Building C81  
AustralianTechnology Park, Eveligh, The 
University of Sydney NSW 2015, 
AUSTRALIA 
Telephone: +61 2 8627 1049,  
Facsimile:+61 2 8627 1099,  
Email: sarah.mansfield@sydney.edu.au  
Web: http://www.usyd.edu.au/ 
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Appendix 4: Survey cover letter published in the citrus magazine “Australian Citrus 
News” volume 89, June/July 2012. 
 
Letter for Citrus Growers’ Survey 
         
Subject: Invitation to participate in the Australian Citrus Growers’ Survey 2012. 
 
Dear Grower, 
 
The University of Sydney’s researchers invite you to participate in the citrus growers’ survey 2012 which is 
one of the components of this project-  
 
A Comprehensive Study of the Australian Commercial Insectary Industry and its Implications for 
Augmentative Biological Control. 
 
As you may know, Australian citrus growers face big challenges in exporting their products due to the 
maximum residue limits (MRLs) set by importing countries.  Growers must ensure they comply with the 
relevant MRLs of the importing country.  This is a valuable component of marketing success. Integrated 
Pest Management (IPM) is an alternative to conventional pest control that can reduce the use of pesticides, 
and augmentative biological control is one of the important components of IPM. However it is not clear 
how augmentative biological controls are currently being used for pest management. Increasing the use of 
biological control agents will require a greater understanding of the perceptions of citrus growers towards 
them.  
 
Therefore the study (A Comprehensive Study of the Australian Commercial Insectary Industry and its 
Implications for Augmentative Biological Control) is being undertaken. This study will form the basis 
for my PhD at The University of Sydney under the supervision of Dr Sarah Mansfield (Senior Lecturer) and 
Mr Peter Ampt (Lecturer).  
 
As a citrus grower, your participation in this survey is most appreciated because of your direct experience 
and knowledge. A questionnaire, which can be found on line at the link cited below, is about several aspects 
of managing your citrus orchard. All aspects of the study, including results, will be strictly confidential. 
Data will be analysed in an aggregated form and individual participants will not be identifiable in any 
publications.  
 
This online survey takes approximately 15–20 minutes to complete. To complete the Australian Insectary 
Industry Study-Stage 2 please follow this link below;  
 
 http://www.surveymonkey.com/s/JCJGZYD 
 
Thank you for your time to undertake this important survey. If you have any questions or enquire please 
feel free to contact me by email at mahmuda.begum@sydney.edu.au or by Tel:  02 86271064. 
 
Yours faithfully, 
Mahmuda Begum (PhD Student)  
Faculty of Agriculture and Environment 
The University of Sydney  
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Appendix 5: Handout was distributed with the Australian Citrus News (Volume 90 
August / September 2012) for citrus growers’ survey participation (2300 copies). 
 
 
  
 
  Dear citrus grower                                                                                                       6     September 2012 
How do you manage citrus pests? 
 
Can we please have about 20 minutes of your time to complete an online survey questionnaire? We are 
keen to learn about how you manage pests in your citrus orchards. The information will help us to 
understand the range of current pest management practices, and to assess the potential for an expansion of 
biological control methods for citrus pests. The results will help us to develop recommendations for citrus 
growers, the insectary industry, researchers and other decision makers. Through this work you should 
receive better and more targeted information about pest management. 
 
Our research has already indicated that there could be big benefits from increased use of augmentative 
biological control methods but it is crucial for us to understand, from an orchardist’s point-of-view, 
whether these methods are realistic, practical and economical. To do that, we need many people to 
complete the survey to be sure that we are getting an accurate picture. We need participation from a wide 
range of growers, with a wide range of pest management strategies. Please complete this survey if you are 
the person who makes the pest management decisions for your citrus orchards. Otherwise, please pass this 
invitation to the person who makes the pest management decisions for your citrus orchards.  
 
All aspects of the study will be strictly confidential and individual participants will not be identifiable in 
any publications. Your participation is entirely voluntary; however, the more citrus growers that complete 
the survey, the more representative the data will be and the greater the potential impact of the findings. 
This project is being undertaken by Mahmuda Begum (PhD student) under the supervision of Dr Sarah 
Mansfield (Senior Lecturer) and Mr Peter Ampt (Lecturer) from the Faculty of Agriculture and 
Environment, at the University of Sydney.  
 
This survey will take between 15 to 20 minutes to complete depending on which questions are relevant to 
you. You can access the survey by typing the following address into your web browser:   
 
http://www.surveymonkey.com/s/JCJGZYD 
 
Alternatively, you can contact me by email: mahmuda.begum@sydney.edu.au or by Tel: 02 8627 1099. 
 
We can then arrange the most convenient way for you to complete the survey. We would like to thank 
those citrus growers who already completed the online questionnaire and also thanks to the citrus growers 
who participated in the interviews. 
   
  Kind regards, 
  Mahmuda Begum (PhD Student)  
Faculty of Agriculture and Environment  
The University of Sydney  
     ABN 15 211 513 464       Faculty of  Agriculture and Environment 
CHIEF INVESTIGATOR’S/SUPERVISOR’S 
NAME 
Dr Sarah Mansfield 
Senior Lecturer in Entomology 
 
Room 404, Biomedical Building C81  
AustralianTechnology Park, Eveligh, The 
University of Sydney NSW 2015, AUSTRALIA 
Telephone: +61 2 8627 1049,  
Facsimile:+61 2 8627 1099, 
 Email: sarah.mansfield@sydney.edu.au  
Web: http://www.usyd.edu.au/ 
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  Appendix 6: Cover letter (email) for a summary results report feedback. 
 
  Dr Sarah Mansfield 
Adjunct Senior Lecturer  
Faculty of Agriculture and Environment 
The University of Sydney 
Email: sarah.mansfield@sydney.edu.au 
 
 
Subject: A comprehensive study of the Australian commercial insectary industry and its implications for 
augmentative biological control. 
 
 
Dear Participant, 
 
During 2011–2013, I conducted 27 face-to-face and telephone interviews with insectary owners, citrus 
pest management researchers and citrus growers. A national survey was also conducted with the citrus 
growers during 2012–2013. I relished the opportunity to meet with all of you and to learn about your 
experiences and perceptions. 
 
The purpose of this report is to get your feedback to finalise the results and recommendations of this 
research. I would greatly appreciate your thoughts on my findings however, the provision of any 
comments on this report is completely voluntary. You are not under any obligation to consent to make any 
comments and your responses will be kept anonymous. 
 
I hope you find this report useful and would appreciate your feedback within two weeks by email or letter 
or fax. Please do not circulate or use this report at this stage because it is not complete yet. I will publish 
my findings more widely after the research has been finalised. Thank you very much for giving me your 
time and participation in this project.   
 
Kind regards, 
 
Mahmuda Begum 
(PhD Student) 
Faculty of Agriculture and Environment 
The University of Sydney, NSW 2015, Australia 
Tel: 02 8627 1064,  
Email: mahmuda.begum@sydney.edu.au 
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Appendix 7: Interview pro-forma for insectary owners. 
 
This interview pro forma is developed for a targeted audience of Australian insectary companies’ 
owner/managers.  
 
A. General information  
-How did you first get involved in this insectary industry? How did you get to where you are now? 
What difficulties did you face?  How did you overcome these difficulties? What help did you get 
along the way?  
        -How did you make this decision to establish this insectary? What is your own background?  
-Is location important?  Why did you choose this location for this insectary?   
-What are you hoping to achieve through your insectary business? Do you have any specific goals or 
  objectives?   
  
B. Products/ services 
-Could you please describe your major products/services? How has your product list changed over the   
  the years?  
-Did you bring new species to the market?  
-Where do you get your products from? Do you rear the products on site? 
-Which product is your best seller? Are you willing to provide details of your sales activity by product 
  volume?  
 
C. Customers  
-Who are your most important customers? Can you describe how your company aims to meet their 
needs?  
-What percentage of your reared biological control agents are sold to agriculture and other areas of   
  pest control?  Here agriculture includes- field crops, protected area crops and animal agriculture.   
-Do you ship any of your products to customers outside Australia?  
-Can you tell me the size of your customer lists either in total numbers or by percentage and by 
industry segment? 
-For which pests do your customers use your products?  
-During the last ten years has your customer list been increasing or decreasing? 
-What sorts of factors do you think influence your customers to switch from conventional control 
(broad-spectrum pesticides) to IPM?  
-How do you evaluate those factors? Is this reflected on your sale activity, financial (Profit, expenses 
etc) customer survey, input costs or others? 
-Of your customers, approximately how many hectares of agricultural and other areas use biological  
  control agents? 
-Do you use specific marketing strategies to promote the sale of biological control agents?   
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D. Company at present 
 -How much did it cost to set up your insectary company?  
 -How many full-time and part-time employees work at your insectary as full-time equivalents? 
 -During the last ten years, what are your total gross sales per year? If you cannot tell me then can 
  can you tell me the range please? 
 -How do your sales compare to your costs?  
        -What factors do you think favour augmentative biological control or leads to increased sales of  
          biological control agents?  
-Do you think GM crops (including Bt crops) are having an impact on your business? If so then how  
 do you evaluate that?  
-What are the main biological barriers that you have encountered during production of biological 
control agents and their distribution?  
-Product quality and consumer perception of quality are critically important issues. How can you  
 maintain product quality as well as handle your consumer’s perception of product quality?  
-Does quality management comply with any national or international standards such as IOBC/EC 
  guidelines (International Organization for Biological Control/European Community)?  
-To maintain the quality of biological control agents do you work regularly with any university 
  entomologists/researchers? 
-What other services do you offer to your customers excluding biological control agents?   
-Are you member of any of the International Biocontrol Associations such as-  
         a) IBMA (International Biocontrol Manufacturers Association),  
         b) IOBC (International Organization for Biological Control) 
         c) ANBP (Association of Natural Biocontrol Producers)? 
 
E. Company in future 
        -How optimistic are you about your company’s future? 
        -Tell me your future research? 
        -What critical decisions do you face in the near future? 
 
F. The Australian industry as a whole. 
        -What factors affect the expansion of the Australian commercial insectary industry?  
        -What opportunities exist for public agency policies or initiatives to make commercial natural enemies   
        or biological control agents a more feasible alternative to chemical pesticides?  
        -Do you think that current rules and regulations have a large impact on the expansion of the Australian 
        commercial insectary industry? 
        -What is your opinion about tandem use of selective pesticides and biological control agents in IPM?  
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Appendix 8: Interview pro-forma for citrus pest management researchers. 
 
A.  General information  
-How long have you been doing research? 
-Some researchers claim augmentative biological control is poor or valueless. What is your   
 opinion? 
-Have you done any research in collaboration with a commercial insectary company?  Would 
you consider doing such research?   
   
B.  Integrated Pest Management 
- How do you define IPM?   
- Sometimes farmers use only a few practices such as monitoring tools, baiting traps and 
chemicals. Do you think such growers are practicing IPM? 
- Which factors do you think influence farmers to switch from conventional control methods 
(broad-spectrum pesticides) to IPM? 
- What is your opinion about tandem use of selective pesticides and biological control agents in 
IPM? 
- Public are end users so do you think need to increase public awareness to implement IPM? 
Please specify. 
 
C. Augmentative Biological Control 
- Some researchers claim naturally occurring biological control agents are enough to control the  
pests. I am interested to know your opinion. 
- Do you think some factors favour augmentative biological control or lead to increased natural 
enemies sales? I am interested to know your opinion. 
- Why do some farmers not use biological control agents? Please specify. 
- Do you think that the state of the commercial insectary industry strongly influences grower 
uptake of augmentative biological control? Please specify.     
     
D. Australian Insectary Industry 
- What kind of factors affects the expansion of the Australian commercial insectary industry? Do 
you think economic, social, political or any other factors? Please specify.  
- What opportunities exist for public agency policies or initiatives to make commercial natural 
             enemies a more feasible alternative to chemical pesticides? Please specify. 
- Do you think that current rules and regulations have a large impact on the expansion of the 
Australian commercial insectary industry? 
- Quality issues are important for biological control agents. Do you think that commercial 
insectary owners need to work with researchers to maintain the quality of biocontrol products?  
- Do you think GM crops (including Bt crops) are having an impact on the commercial 
insectary? Please specify. 
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Appendix 9: Interview pro-forma for citrus growers. 
 
This interview pro forma is developed for a targeted audience of citrus growers who may be users or non-
users of biological control agents’ on their farm for pest management. 
 
A. General information  
- How long have you been managing this farm? 
- Are you owner of this farm? 
- Have you ever heard about biological control? 
- Which approach have you considered using on your farm for plant protection? Conventional (Broad-
Spectrum pesticides) or IPM? 
- Do you currently use biological control agents on your farm? 
 
B. Economic factors  
- What’s the size of the farm? 
-Approximately, how much do you spend on biological control agents or 
  pesticides purchases each year? 
- Is this farm your main source of income? 
- During the last 5 years, have you been sick as a result of pesticide use? 
- How many full-time and part-time employees work on your farm? 
 
C. Technology characteristics  
- Which biological control agents are you familiar with? Please list all of these. 
-What are the biological control agents you use most commonly, and for which crops? For which pests 
do you use biological control agents? 
- Do you need any training or others before using biological control agents in your farm? Please 
specify.  
- What are the main problems you have encountered in your use of biological control agents? 
-  Do you encounter any difficulties when you use biological control agents and pesticides together? 
- How soon did you apply pesticides after the release of biological control agents? 
- Please list your most successful biological control experience. 
 
D. Growers’ perception  
- What are, in your opinion, the main features of biological control agents that distinguish them from 
conventional (chemical) tools for plant protection? 
- Do you trust the efficacy of biological control agents? Please specify. 
- What are the reasons you are using or not using biological control agents on your farm? 
- What do you think about using biological control agents are profitable or risky decision? 
- Do you think biological control agents cost more than chemical pesticides? Please specify. 
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E. Institutional factors  
- What are your sources of information on the topic of pest management? Workshops, field days, 
pamphlets, other farmers or other sources? 
- Do you get any consultation or other help from government or any other organisations about pest 
management on your farm? 
- What could convince you to use biological control agents or pesticides? 
 
F. Participants’ characteristics  
- Which age group you are belong to? 
I. 20-29 
II. 30-39 
III. 40-49 
IV. 50-59 
V. 60 and over 
- What is the highest level of education have you completed? 
I. Primary 
II. Secondary 
III. College 
IV. University 
V. Others 
- In what state is your farm located? 
- Please specify your sex. (Male or Female) 
- How many members (excluding you) in your family and how many members working on your farm?  
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Appendix 10: Survey questionnaire for citrus growers.  
 
The original questionnaire was coded (bold and in bracket) for analysis of participants responses 
in SPSS software. Code was used such as A for Section I and B for Section II. Each question was 
coded such as A1, A2, B8, and F34. Question statement variables were coded such as A1 1, B8 1, 
and F34 1. The codded questionnaire or code book is below: 
 
 
Survey questionnaire 
 
Section I:  Participants’ characteristics (Please tick or write responses in appropriate boxes). (Code: A)  
1. What is your role on the citrus orchards? (Code: A 1) 
         Owner            (Code: A1  1) 
        Manager           (Code: A1  2)  
         Others            (Code: A1  3) 
             Other (please specify) 
 
2. For how many years have you been managing citrus orchards? (Code: A2) 
   
                                                  
3. What is the highest level of education you have completed?  (Code: A3) 
        Primary               (Code: A3  1) 
        Secondary           (Code: A3  2) 
         TAFE/Technical /Agricultural college      (Code: A3  3) 
        University           (Code: A3  4) 
         Others            (Code: A3  5) 
             Education relevant to citrus growing  
 
4.   To which age group do you belong?  (Code: A  4) 
 
    20-24 years           (Code: A4  1) 
               25-29 years           (Code: A4  2) 
         30-34 years           (Code: A4  3) 
         35-39 years           (Code: A4  4) 
         40-44 years           (Code: A4  5) 
         45-49 years           (Code: A4  6) 
         50-54 years           (Code: A4  7) 
         55-59 years           (Code: A4  8) 
         60-64 years           (Code: A4  9) 
          65 and over years         (Code: A4  10) 
 
5. Are you? (Code: A5) 
    Male          ..(Code: A5  1) 
    Female         ..(Code: A5  2) 
 
6. How many people work on your citrus orchards?  If you employ people part-time, please estimate 
how many full-time people is equivalent to this.    (Code: A6)   
 
        Less than one person full-time       (Code: A6  1) 
        1-5 people full-time         (Code: A6  2) 
        6-10 people full-time         (Code: A6  3) 
        11-20 people full-time         (Code: A6  4) 
        More than 20 people full-time       (Code: A6  5) 
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7. In which state is your citrus orchard located?  (Code: A7) 
        ACT            (Code: A7  1) 
        NSW            (Code: A7  2) 
        NT               (Code: A7  3)  
        QLD            (Code: A7  4) 
        SA            (Code: A7  5)  
        TAS            (Code: A7  6)  
        VIC            (Code: A7  7) 
        WA            (Code: A7  8) 
 
Section II: Economic factors (Please tick or write responses in appropriate Boxes) (Code: B). 
  
8. How many hectares do you have under citrus orchards? (Code: B8) 
              Less than 10 ha          (Code: B8  1) 
              10-20 ha           (Code: B8  2) 
              20-30 ha           (Code: B8  3)   
              30-40ha           (Code: B8  4)  
              More than 40 ha          (Code: B8  5)  
 
9. What is the average gross value per year of your citrus production?  (Code: B9) 
              $100,000- 200,000          (Code: B9  1)  
$201,000- 300,000          (Code: B9  2)  
$301,000- 400,000          (Code: B9  3)  
$401,000- 500,000          (Code: B9  4)  
$501,000- 600,000          (Code: B9  5)  
$601,000- 700,000          (Code: B9  6)  
$701,000- 800,000          (Code: B9  7)  
More than $800,000         (Code: B9  8)  
 
10.  On average, approximately how much do you spend on pest management in your citrus  
        orchards each year?          (Code: B10) 
 
             Biological control agents        (Code: B10  1) 
             Insecticides           (Code: B10  2)   
             Fungicides           (Code: B10  3) 
              Acaricides or Miticides         (Code: B10  4) 
             Herbicides           (Code: B10  5) 
             Bt (i.e., Dipel, Biobit, Condor, etc.)      (Code: B10  6) 
             Oil (Horticultural/Mineral oils)       (Code: B10  7) 
             Consultants           (Code: B10  8) 
             Monitoring           (Code: B10  9) 
             Others            (Code: B10 10) 
 
11. What level of crop losses do you usually incur each year and what level is acceptable 
      to you?             (Code: B11)  
     Less than           More than 
      5%  5%-10%   11%-15%    16%-20% 20%  
        (1)  (2)     (3)      (4)   (5)  
1. Crop losses usually  
              incur each year                    (Code: B11  1) 
2. Crop losses 
               acceptable to me                    (Code: B11  2) 
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Section III: General information about citrus farm (Please tick or write responses in  
                     appropriate boxes). (Code: C)  
 
12. What percentage of the crop is in oranges, mandarins, lemons, limes and grapefruits?  
                                                                                                                   (Code: C12)  
              N/A    1%-25%  26%-50%    51%-75%  76%-100% 
               (1)  (2)  (3)  (4)  (5) 
             Oranges            (Code: C12  1) 
             Mandarins            (Code: C12  2) 
              Lemons            (Code: C12  3) 
             Limes             (Code: C12  4) 
             Grapefruits            (Code: C12  5) 
             Others             (Code: C12  6)  
             Others (please specify) 
 
13. What percentage of the whole crop goes to the fresh or juice market?  (Code: C13) 
                                    N/A     1%-25%   26%-50%   51%-75%  76%-100% 
                                    (1)           (2)          (3)          (4)           (5) 
            Fresh market             (Code: C13  1) 
            Juice market             (Code: C13  2)  
                                   
14. Do you intercrop citrus with other crops?      (Code: C14) 
               No        (1) (please go to the next Question) 
              Yes        (2) 
              If yes, which crop do you intercrop with citrus? 
 
15. Do you use any of the following cover crops to maintain your citrus orchard floor? 
  (Code: C15)  
                                                      No (1)      Yes (2)  
             Orchard floor covered with Clovers       (Code: C15  1)  
             Orchard floor covered with Broad Beans      (Code: C15  2) 
             Orchard floor covered with Grasses       (Code: C15  3)  
             Orchard floor is kept bare         (Code: C15  4) 
             Others             (Code: C15  5)    
             Others (please specify) 
 
16.  Answer this question only if you use IPM. If not please go to the next question. Which sort of IPM 
tools do you use in your citrus orchards? (Tick all that apply)                 (Code: C16)  
                                                                      No (1)      Yes (2) 
            I use cultural practices such as crop 
             rotation, sanitation etc          (Code: C16  1)  
            I use conservation biological control such as  
            conserving and encouraging beneficial insects      (Code: C15  2) 
            I use chemical control          (Code: C15 3) 
            I use augmentative biological control       (Code: C15  4)  
            I use monitoring           (Code: C15  5)  
            I use insect traps           (Code: C15  5) 
            Others             (Code: C15  6)  
            Others (please use specify) 
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17. Who makes the decision to spray chemicals or release biological control agents on your  
citrus orchards?           (Code: C17) 
  
  Owner             (Code: C17  1) 
  Manager             (Code: C17  2) 
  Consultant             (Code: C17  3)   
  Owner and manager          (Code: C17  4)   
  Owner and consultant          (Code: C17  5)   
  Manager and consultant         (Code: C17  6)  
  Others             (Code: C17  7) 
  Others (please specify) 
 
18.  Do you follow the economic or damage thresholds when you decide to spray chemicals or  
 release biological control agents?         (Code: C18)  
   No             (Code: C18  1) 
   Yes             (Code: C18  2) 
    Don’t Know           (Code: C18  3) 
 
19. How do you measure the economic or damage thresholds?   (Code: C19) 
20. Answer 
this question only if you use pesticides (i.e., insecticides, acaricides or miticides and fungicides). If 
not please go to the next question.    (Code: C20)  
 
Please choose a pesticide that you use, what you use it for and how often you use it. Repeat for each 
of the pesticides you regularly use.                                                         
Name of pesticide 
(Code: C20   1) 
Name of pest 
(Code: C20   2) 
Name of disease 
(Code: C20   3) 
No. ofsprays 
/year (Code: 
C20   4) 
1.Ambush……(1) N/A……………………(1)   N/A ………………….(1) 1… (1) 
2.Chlorpyrifos 
(eg.Lorsban)…(2) 
Ants…………………...(2)  Canker disease………..(2) 2… (2) 
3.Confidor….. .(3) Asian psyllids................(3) Fungal scab disease….(3) 3… (3) 
4.Diazinon….. 
.(4) 
Black flies…..................(4)  Fungal spot disease. ...(4) 4… (4) 
5.Fipronil…… 
.(5) 
Black scales...........…....(5)  Gummosis fungal Disease 
………………………...(5) 
5… (5) 
6. 
Imidan……...(6) 
Broad Mites…………...(6) Melanos fungaldisease(6) 6… (6) 
7.Methidathion 
(eg.Supracide). (7) 
Brown aphids.................(7) Root rot fungal 
disease……………….(7) 
7… (7) 
8.Movento……(8) Bud mites…....................(8) Others………..............(8) 8… (8) 
9.Petroleumoils(9) California red scales…...(9)  9… (9) 
10.Pyrethrum...(10) Chinese rose beetle…….(10)  10.... (10) 
11.SharpFloor..(11) Katydids……………….(11)   
12.Spinosad (eg. 
Success)……..(12) 
Kelly’s thrips………….(12)   
13.Rogor…….(13) Leaf miners……………(13)   
14.Others……(14) Locusts………………....(14)   
 Light brown apple moth(15)   
 Mediterranean fruit flies.(16)   
   Oriental fruit flies……....(17)   
   Red spider mites………..(18)   
 White flies……................(19)   
 Others…………………...(20)   
       Others (please specify)  
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21.   Answer this question only if you use biological control agents in your citrus orchards. If not please 
go to the next question.             (Code: C21)  
 
Please choose a biological control agent that has used what you used it for and how often you use it. 
Repeat for each of the biological control agents you regularly use. Also please indicate if you are 
currently using it, and if not, when you last used it. 
 
Name of biological 
control agent 
(Code: C21   1) 
Name of citrus 
variety (Code: 
C21   2) 
Name of pest 
(Code C21   
3) 
Name of 
disease 
(Code: C21   
4) 
Using   
currently 
(Code: 
C21   5) 
Last used 
(Code: C21 
6) 
 1.Aphidius colemani    
(Aphidparasitoid)……(1) 
Bahianinha 
oranges ….(1) 
 N/A….(1)  N/A.........(1) No  (1) 
Yes (2) 
6-10 years 
ago…(1) 
2. Aphelinus abdominalis 
(Aphid parasitoid)…..(2) 
  Leng oranges 
...................(2) 
 Ants....(2) Cankerdisease
…….......(2) 
 11-15 years 
ago…(2) 
3. Aphytis melinus (Red 
scales parasitoid)…….(3) 
Navels    
oranges….(3) 
 Asian 
syllids..(3) 
Fungal scab  
Disease..(3) 
 
 
16-20 years 
ago…(3) 
4. Aphytis lingnanensis 
(Red scale parasitoid)(4) 
Navalina 
oranges….(4) 
Black  
flies….(4) 
Fungalspot  
Disease.(4) 
 
 
21-25 years 
ago…(4) 
5. Chilocoruscircumdatus  
 (Ladybird beetle)……(5) 
Navalete 
Oranges…(5) 
Black 
scales..(5) 
Gummosis 
fungal disease 
………..(5) 
 
 
26-30 years 
ago…(5) 
6. Chilocorus baileyi 
(Ladybird beetle……(6) 
Newhall 
oranges….(6) 
Broad 
mites...(6) 
Melanos fungal 
disease.. (6) 
 
 
More than 
30 
years.(6) 
7. Cryptolaemus  
montrouzieri  
(Mealybugpredator)…(7) 
Valencis oranges 
…………..(7) 
Brown 
aphids.(7) 
Root rot fungal 
disease.. (7) 
 
 
 
8. Dalotia coriaria (Rove 
beetle) ……………..(8) 
Washington 
oranges.....(8) 
 Bud mites. 
………..(8) 
Others... (8)   
9. Encarsia formosa 
(whitefly parasitoid)...(9) 
Elendale 
mandarins...(9) 
Red scales. 
………..(9) 
   
10. Eretmocerus warrae 
(Whitefly parasitoid)…...      
…………………….(10) 
Imperial  
Mandarins.(10) 
Chinease       
rose beetle…. 
………(10) 
   
11. Hypoaspis aculeifer 
(Fungus gnat predator) 
…………………….(11) 
Murcott  
Mandarins 
…………..(11) 
Fungus gnat. 
………..(11) 
   
12. Leptomastix dactylopii  
(Citrusmealybugparasitoid) 
…………………….(12)  
Ortanique  
Mandarin 
……….....(12) 
Katydids 
………(12) 
   
13. Mallada signata (Green 
lacewing)………….(13) 
Grapefruits  
……….....(13) 
Kelly’s    
thrips…(13) 
   
14. Neoseiulus cucumeris 
(Cucumeris - predatory 
mite)……………….(14) 
Lemons 
……….....(14) 
Leaf miners 
….. …..(14) 
   
15. Neoseiulus wearnei 
(predatory mite)…...(15) 
Lime.... 
……….....(15) 
Locusts... 
……….(15) 
   
16. Orius armatus (Thrips 
predator)…………..(16) 
Others…..(16) Light brown 
Apple moth  
…… …..(16) 
   
17. Phytoseuilus persimilis 
(Persimilis-
predatorymite)……(17) 
   Mealybugs. 
………...(17) 
   
18. Spalangia endius 
(Flyparasitoid)……(18) 
   Mediterranean 
fruit flies(18) 
   
19. Stratiolaelaps scimitus 
(Predatory 
 Oriental 
fruitflies 
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mite)……………...(19) ……….(19) 
20. Typhlodromus 
occidentalis  
(Predatory mite)….(20) 
  Red spider  
Mites…(20) 
   
21. Beddingia siricidicola 
(Nematode)............(21) 
 Rovebeetle 
………..(21) 
   
22. Heterorhabditis 
zealandica (Nematode) 
…………………...(22) 
 Whiteflies……
………(22) 
   
23. Heterorhabditis 
bacteriophora 
(Nematode)............(23) 
 Others.. 
……...(23) 
   
24. Rhabditidae necromena 
(Nematode) ……...(24) 
     
25. Steinernema 
carpocapsae 
(Nematode)………(25) 
     
26. Steinernema feltiae 
(Nematode)… …....(26) 
     
27 Others.................(27)      
       Others (please specify)  
  
 
 
22. Answer this question only if you monitor biological control agents in your citrus orchards. If not 
please go to the next section.           (Code: C22)  
 
           How often have you found the following biological control agents in your citrus orchards?  
         Never   Rarely   Sometimes  Very often  Always  
           (1)  (2)  (3)  (4)  (5) 
               I have found parasitic wasps           (Code: C22  1)  
               I have found predatory 
               ladybird                (Code: C22  2)  
                I have found predatory mite           (Code: C22  3) 
               I have found Lacewings            (Code: C22  4) 
               I have found Hoverflies            (Code: C22  5)  
               Others (please specify)  (Code: C22  6) 
 
Section IV:  Growers’ perception (Please tick or write your response in appropriate boxes). (Code: D) 
                                                                                                                                  
23. Please respond to the following statements about the requirements for practicing IPM compared with 
conventional practices.                                                                                                (Code: D23) 
     Strongly Disagree  Undecided Agree Strongly  
     Disagree        Agree 
                                                    (1)  (2)  (3)  (4)  (5) 
        Using IPM requires more  
        management time than  
        conventional pest control             (Code: D23  1) 
        IPM costs more than conventional  
        pest control               (Code: D23  2) 
        IPM requires more knowledge  
        than conventional pest control           (Code: D23  3) 
        IPM requires more labour than 
        conventional pest control             (Code: D23  4) 
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24.  Answer this question if you use chemical pesticides in your citrus orchards. If not please go to the 
next   question.                                                                                                                       (Code: D24) 
 
      To what extent do you agree with these statements about why you spray chemicals in your citrus 
        orchards? 
     Strongly Disagree Undecided Agree Strongly  
     Disagree        Agree 
                                                          (1)           (2)           (3)          (4)          (5) 
         I use chemicals to  
         control direct damage             (Code: D24  1) 
         I use chemicals to control  
         cosmetic damage              (Code: D24  2) 
         I use chemicals to control both 
         direct and cosmetic damage            (Code: D24  3) 
 
25. What is your response to these statements about the effect of insecticides on beneficial insects in 
your citrus orchards?            (Code: D25)  
 
     Strongly Disagree Undecided Agree Strongly 
     Disagree        Agree 
        (1)  (2)  (3)  (4)  (5) 
         Insecticides kill all  
         beneficial insects              (Code: D25  1) 
         Insecticides kill most of  
         the beneficial Insects              (Code: D25  2)  
         Insecticides kill some 
         beneficial insects              (Code: D25  3) 
         Insecticides don’t kill any  
         beneficial insects              (Code: D25  4) 
         Insecticides change beneficial 
          insects’ effectiveness             (Code: D25  5) 
 
26. Please respond to the following statements about your insecticides application strategy for insect 
pest management in your citrus orchards.        (Code: D26)  
 
     Strongly  Disagree Undecided Agree Strongly 
     Disagree         Agree    
         (1)  (2)  (3)  (4)  (5)  
     I do not use insecticides for 
     pest management              (Code: D26  1) 
     I make site–specific insecticide  
     applications when needed            (Code: D26  2) 
     I apply insecticides only when  
     insect pests are present and  
     risk is highest               (Code: D26  3) 
     I apply insecticides only when  
     economic threshold is met            (Code: D26  4) 
     I rotate insecticide modes of 
     action to  reduce the risk of  
     insecticides resistant pests            (Code: D26  5)  
          I make variable-rate insecticide  
           Applications               (Code: D26  6)  
          I apply insecticides on a regular 
           or calendar schedule             (Code: D26  7) 
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27.  Answer this question if you do not use biological control agents otherwise go the next 
question.  Please respond to these following statements about why you do not use biological 
control agents in your citrus orchards?       (Code: D27)  
  
       Strongly Disagree Undecided Agree  Strongly 
     Disagree        Agree 
        (1)  (2)  (3)  (4)  (5) 
 I have not considered  
 using them              (Code: D27  1) 
 I am not confident they  
 will work              (Code: D27  2) 
 I have tried them before but it 
 was not effective              (Code: D27  3) 
 They are too expensive              (Code: D27  4) 
 They are not profitable              (Code: D27  5) 
 They are too complicated             (Code: D27  6) 
 They are too risky              (Code: D27  7)  
 They are too labour intensive            (Code: D27  8) 
 Too much training is needed            (Code: D27  9) 
 I would need to hire a  
 Consultant              (Code: D27  10) 
 I think chemicals are more  
 Effective              (Code: D27  11) 
 I think chemicals are cheaper            (Code: D27  12) 
 It is wasteful to use both  
 chemicals and biological  
 control together              (Code: D27  13) 
 I never get desired results from 
 biological control agent              (Code: D27  14)  
 
28. To what extent do you agree with the following statements about what influenced your decision to 
start using biological control agents in your citrus orchards?                                         (Code: D28)  
 
 
   Strongly Disagree Undecided Agree Strongly 
   Disagree        Agree 
                     (1)  (2)  (3)  (4)  (5) 
         I started to use biological control     
         agents because:  
 
         I was convinced from my  
         Education that it was worth doing           (Code: D28  1) 
         I don’t believe that we have a 
         future with chemicals             (Code: D28  2)  
         I have seen, that they work  
         when I travelled overseas             (Code: D28  3)  
         I am concerned about my  
         health risks               (Code: D28  4) 
         I am concerned about the 
         Environment               (Code: D28  5) 
         I think chemicals are not  
         cost-effective               (Code: D28  6) 
         Other (please specify) (Code: D28  7) 
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29.  Answer this question if you use biological control agents. Please respond to the following  
    statements that describe the reasons why you use biological control agents in your citrus  
    orchards?              (Code: D29) 
 
   Strongly Disagree Undecided Agree Strongly 
   Disagree        Agree    
        (1)  (2)  (3)  (4)  (5) 
           I use biological control agents  
           because:  
   
           Pest insects have developed 
           insecticide resistance             (Code: D29  1) 
           An insecticide was withdrawn            (Code: D29  2) 
It is profitable                (Code: D29  3) 
           It is relatively cheap             (Code: D29  4)  
           It is effective               (Code: D29  5)  
           It helps IPM                (Code: D29  6) 
It is safer for the health of me  
and my family                (Code: D29  7) 
It is safer for the environment            (Code: D29  8)  
           Other (please specify)  (Code: D29  9) 
 
30.  Please respond to the following statements that describe your (non-users) attitude to the use  
   of biological control agents in your orchards in future?      (Code: D30) 
 
I will use biological control agents in future if: 
                                 
  Strongly Disagree Undecided Agree Strongly 
                 Disagree       Agree 
                 (1)  (2)  (3)  (4)  (5) 
               consumers accept blemishes in 
               fruit and vegetables             (Code: D30  1) 
               a suite of biological control agents is  
               available for all pests             (Code: D30  2) 
               biological control agents become 
               cheaper and more effective            (Code: D30  3) 
               retailers put pressure on supplier to use 
               biological control agents            (Code: D30  4)  
               government creates new laws that require  the 
               use of  biological control            (Code: D30  5) 
               Others (please specify) (Code: D30  6)  
 
Section V: Technology characteristics          (Code: E)  
 
             Please only answer this section if you use biological control agents. If you don’t, then go to   
             the next section (Please tick or write your response in appropriate boxes). 
 
31.  To what extent do you agree with the following statements about the use of biological control 
agents such as Aphytis on your citrus orchards?      (Code: E31) 
 
   Strongly Disagree Undecided Agree Strongly 
   Disagree        Agree 
           (1)  (2)             (3)              (4)            (5) 
            No biological control agents are 
            commercially available for other  
            pests other than red scales            (Code: E31  1) 
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            Aphytis only attack certain 
             stages of red scales             (Code: E31 2)  
            Aphytis control red scales only  
            in certain citrus varieties             (Code: E31  3) 
            I need training before using  
            biological control agents             (Code: E31  4) 
            Using biological control agent  
            is lobour intensive             (Code: E31  5) 
            I need a consultant to use  
            biological control agent             (Code: E31  6) 
            Others (please specify)  (Code: E31 7) 
  
32. After release of biological control agents how soon would you apply pesticides? (Code: E32)  
 
        No(1)  Yes (2) 
            Less than one week            (Code: E32  1) 
            One - three weeks             (Code: E32  2) 
            More than three weeks            (Code: E32  3) 
            Four- five weeks             (Code: E32  4) 
            More than five weeks            (Code: E33  5) 
 
Section VI: Institutional factors (Please tick or write your response in appropriate boxes) (Code: F)  
 
33. What are your sources of information on the topic of pest management? (Code: F33) 
 
            No (1)  Yes (2) 
          Workshops              (Code: F33..1) 
          Field days              (Code: F 33  2) 
          Pamphlets              (Code: F 33  3) 
          Other farmers              (Code: F 33  4) 
           Insectary companies             (Code: F 33  5)  
           Haven’t heard              (Code: F 33  6) 
           Others sources (please specify) (Code: F 33  7) 
 
34. Do you get any help from government or any other organizations about pest 
          management on your citrus orchards?        (Code: F43)  
 
 
   Strongly Disagree Undecided Agree Strongly 
   Disagree        Agree 
        (1)  (2)  (3)  (4)  (5) 
           I receive consultation from 
           Government               (Code: F 34  1) 
           I receive consultation from agricultural 
           chemical companies             (Code: F 34  2) 
           I received consultation from  
           incestary companies             (Code: F 34  3) 
           I receive consultation from other 
            Organizations              (Code: F 34  5) 
           Government provides me monitoring  
           services only               (Code: F 34  6) 
           Agricultural chemical companies provides 
           me monitoring services only            (Code: F 34  7) 
           Insectary companies provide me  
            monitoring services only            (Code: F 34  8) 
           Other organizations provide me  
             monitoring service only             (Code: F 34  9) 
 
 
266 
 
           Government, insectary companies  
           and other organizations 
            provide me  information             (Code: F 34  10) 
           Government subsidized my citrus 
            orchards               (Code: F 34  11) 
           I don’t get any help from  
           government or other organizations  
            except information              (Code: F 34  12) 
           Others (please specify) (Code: F 34  13) 
          
  If you are interested in hearing about the results from this survey then please provide  
  us your contact details i.e. mailing address, email address.                  
   
  If you want to participate in the survey but would prefer to complete a printed survey or complete it 
  by telephone, please contact Mahmuda Begum on 02 8627 1064 or by  
  email: mahmuda.begum@sydney.edu.au  
 
 
   Please feel free to tell other citrus growers to contact me for printed copy of this   
   questionnaire. Thank you for completing this form.    
            
   Your contact details 
 
 
Postal Address: 
Tel: 
Email: 
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Appendix 11: Summary statistics of citrus growers survey data that is referenced in the 
text (Chapter 6, result section). This Appendix includes nine questions and analyses for 
Questions C12, C14, C15, C18, C19, D24, D26, E32 and F34. 
 
  Question C12: This question was for both USERS and NON-USERS. 
 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Oranges * Biological control agents (BCA) 69 95.8% 3 4.2% 72 100.0% 
Mandarins * Biological control agents (BCA) 46 63.9% 26 36.1% 72 100.0% 
Lemons * Biological control agents (BCA) 27 37.5% 45 62.5% 72 100.0% 
Limes * Biological control agents (BCA) 20 27.8% 52 72.2% 72 100.0% 
Grapefruits * Biological control agents (BCA) 27 37.5% 45 62.5% 72 100.0% 
Others * Biological control agents (BCA) 8 11.1% 64 88.9% 72 100.0% 
 
Oranges * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Oranges 
N/A 
Count 3 1 4 
% within Oranges 75.0% 25.0% 100.0% 
% within Biological control agents (BCA) 9.1% 2.8% 5.8% 
% of Total 4.3% 1.4% 5.8% 
1%-25% 
Count 2 2 4 
% within Oranges 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 6.1% 5.6% 5.8% 
% of Total 2.9% 2.9% 5.8% 
26%-50% 
Count 4 2 6 
% within Oranges 66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 12.1% 5.6% 8.7% 
% of Total 5.8% 2.9% 8.7% 
51%-75% 
Count 10 15 25 
% within Oranges 40.0% 60.0% 100.0% 
% within Biological control agents (BCA) 30.3% 41.7% 36.2% 
% of Total 14.5% 21.7% 36.2% 
76%-100% 
Count 14 16 30 
% within Oranges 46.7% 53.3% 100.0% 
% within Biological control agents (BCA) 42.4% 44.4% 43.5% 
% of Total 20.3% 23.2% 43.5% 
Total 
Count 33 36 69 
% within Oranges 47.8% 52.2% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 47.8% 52.2% 100.0% 
 
Mandarins * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Mandarins 
 
 
 
 
N/A 
Count 1 1 2 
% within Mandarins 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 4.3% 4.3% 4.3% 
% of Total 2.2% 2.2% 4.3% 
1%-25% 
Count 8 16 24 
% within Mandarins 33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 34.8% 69.6% 52.2% 
% of Total 17.4% 34.8% 52.2% 
 
 
 
 
 
26%-50% 
Count 7 1 8 
% within Mandarins 87.5% 12.5% 100.0% 
% within Biological control agents (BCA) 30.4% 4.3% 17.4% 
% of Total 
 
15.2% 2.2% 17.4% 
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51%-75% 
Count 5 5 10 
% within Mandarins 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 21.7% 21.7% 21.7% 
% of Total 10.9% 10.9% 21.7% 
76%-100% 
Count 2 0 2 
% within Mandarins 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 8.7% 0.0% 4.3% 
% of Total 4.3% 0.0% 4.3% 
Total 
Count 23 23 46 
% within Mandarins 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.0% 50.0% 100.0% 
 
Lemons * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Lemons 
N/A 
Count 1 2 3 
% within Lemons 33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 7.7% 14.3% 11.1% 
% of Total 3.7% 7.4% 11.1% 
1%-25% 
Count 9 11 20 
% within Lemons 45.0% 55.0% 100.0% 
% within Biological control agents (BCA) 69.2% 78.6% 74.1% 
% of Total 33.3% 40.7% 74.1% 
26%-50% 
Count 3 1 4 
% within Lemons 75.0% 25.0% 100.0% 
% within Biological control agents (BCA) 23.1% 7.1% 14.8% 
% of Total 11.1% 3.7% 14.8% 
Total 
Count 13 14 27 
% within Lemons 48.1% 51.9% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.1% 51.9% 100.0% 
 
Limes * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Limes 
N/A 
Count 4 4 8 
% within Limes 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 30.8% 57.1% 40.0% 
% of Total 20.0% 20.0% 40.0% 
1%-25% 
Count 9 3 12 
% within Limes 75.0% 25.0% 100.0% 
% within Biological control agents (BCA) 69.2% 42.9% 60.0% 
% of Total 45.0% 15.0% 60.0% 
Total 
Count 13 7 20 
% within Limes 65.0% 35.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 65.0% 35.0% 100.0% 
 
Grapefruits * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
Grapefruits 
N/A 
Count 4 4 8 
% within Grapefruits 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 28.6% 30.8% 29.6% 
% of Total 14.8% 14.8% 29.6% 
1%-25% 
Count 9 9 18 
% within Grapefruits 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 64.3% 69.2% 66.7% 
% of Total 
 
33.3% 33.3% 66.7% 
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26%-50% 
Count 1 0 1 
% within Grapefruits 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 7.1% 0.0% 3.7% 
% of Total 3.7% 0.0% 3.7% 
Total 
Count 14 13 27 
% within Grapefruits 51.9% 48.1% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 51.9% 48.1% 100.0% 
 
Others * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Others 
N/A 
Count 1 3 4 
% within Others 25.0% 75.0% 100.0% 
% within Biological control agents (BCA) 25.0% 75.0% 50.0% 
% of Total 12.5% 37.5% 50.0% 
 
1%-25% 
Count 3 0 3 
% within Others 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 75.0% 0.0% 37.5% 
% of Total 37.5% 0.0% 37.5% 
 
26%-50% 
 Count  0  1  1 
% within Others 0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 25.0% 12.5% 
% of Total 0.0% 12.5% 12.5% 
 
Total 
Count 4 4 8 
% within Others 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.0% 50.0% 100.0% 
  Question C14: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Intercrop citrus with other crops * Biological control agents (BCA) 
71 98.6% 1 1.4% 72 100.0% 
 
Intercrop citrus with other crops * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Intercrop 
citrus with 
other crops 
No 
Count 31 34 65 
% within Intercrop ctrus with other crops 47.7% 52.3% 100.0% 
% within Biological control agents (BCA) 91.2% 91.9% 91.5% 
% of Total 43.7% 47.9% 91.5% 
Yes 
Count 3 3 6 
% within Intercrop ctrus with other crops 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 8.8% 8.1% 8.5% 
% of Total 4.2% 4.2% 8.5% 
Total 
Count 34 37 71 
% within Intercrop ctrus with other crops 47.9% 52.1% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 47.9% 52.1% 100.0% 
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  Question C15: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Orchard floor covered with Clovers * Biological control agents (BCA) 48 66.7% 24 33.3% 72 100.0% 
Orchard floor covered with Broad Beans * Biological control agents 
(BCA) 
36 50.0% 36 50.0% 72 100.0% 
Orchard floor covered with Grasses * Biological control agents (BCA) 57 79.2% 15 20.8% 72 100.0% 
Orchard floor is kept bare * Biological control agents(BCA) 40 55.6% 32 44.4% 72 100.0% 
Others * Biological control agents (BCA) 24 33.3% 48 66.7% 72 100.0% 
 
Orchard floor covered with Clovers * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Orchard floor 
covered with 
Clovers 
No 
Count 21 12 33 
% within Orchard floor covered with Clovers 63.6% 36.4% 100.0% 
% within Biological control agents (BCA) 84.0% 52.2% 68.8% 
% of Total 43.8% 25.0% 68.8% 
Yes 
Count 4 11 15 
% within Orchard floor covered with Clovers 26.7% 73.3% 100.0% 
% within Biological control agents (BCA) 16.0% 47.8% 31.3% 
% of Total 8.3% 22.9% 31.3% 
Total 
Count 25 23 48 
% within Orchard floor covered with Clovers 52.1% 47.9% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 52.1% 47.9% 100.0% 
 
Orchard floor covered with Broad Beans * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Orchard floor 
covered with 
Broad Beans 
No 
Count 21 14 35 
% within Orchard floor covered with Broad Beans 60.0% 40.0% 100.0% 
% within Biological control agents (BCA) 95.5% 100.0% 97.2% 
% of Total 58.3% 38.9% 97.2% 
 
Yes 
Count 1 0 1 
% within Orchard floor covered with Broad Beans 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 4.5% 0.0% 2.8% 
% of Total 2.8% 0.0% 2.8% 
Total 
Count 22 14 36 
% within Orchard floor covered with Broad Beans 61.1% 38.9% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 61.1% 38.9% 100.0% 
 
Orchard floor covered with Grasses * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Orchard floor 
covered with 
Grasses 
No 
Count 6 6 12 
% within Orchard floor covered with Grasses 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 20.7% 21.4% 21.1% 
% of Total 10.5% 10.5% 21.1% 
Yes 
Count 23 22 45 
% within Orchard floor covered with Grasses 51.1% 48.9% 100.0% 
% within Biological control agents (BCA) 79.3% 78.6% 78.9% 
% of Total 40.4% 38.6% 78.9% 
Total 
Count 29 28 57 
% within Orchard floor covered with Grasses 50.9% 49.1% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.9% 49.1% 100.0% 
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Orchard floor is kept bare * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Orchard floor 
is kept bare 
No 
Count 14 9 23 
% within Orchard floor is kept bare 60.9% 39.1% 100.0% 
% within Biological control agents (BCA) 66.7% 47.4% 57.5% 
% of Total 35.0% 22.5% 57.5% 
Yes 
Count 7 10 17 
% within Orchard floor is kept bare 41.2% 58.8% 100.0% 
% within Biological control agents (BCA) 33.3% 52.6% 42.5% 
% of Total 17.5% 25.0% 42.5% 
Total 
Count 21 19 40 
% within Orchard floor is kept bare 52.5% 47.5% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 52.5% 47.5% 100.0% 
 
Others * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Others 
No 
Count 4 8 12 
% within Others 33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 40.0% 57.1% 50.0% 
% of Total 16.7% 33.3% 50.0% 
Yes 
Count 6 6 12 
% within Others 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 60.0% 42.9% 50.0% 
% of Total 25.0% 25.0% 50.0% 
Total 
Count 10 14 24 
% within Others 41.7% 58.3% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 41.7% 58.3% 100.0% 
 
  Question C18: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Follow the economic threshold * Biological control agents (BCA) 70 97.2% 2 2.8% 72 100.0% 
 
Follow the economic threshold * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Follow the 
economic 
threshold 
No 
Count 3 4 7 
% within Follow the economic threshold 42.9% 57.1% 100.0% 
% within Biological control agents (BCA) 8.8% 11.1% 10.0% 
% of Total 4.3% 5.7% 10.0% 
Yes 
Count 27 25 52 
% within Follow the economic threshold 51.9% 48.1% 100.0% 
% within Biological control agents (BCA) 79.4% 69.4% 74.3% 
% of Total 38.6% 35.7% 74.3% 
Don't 
Know 
Count 4 7 11 
% within Follow the economic threshold 36.4% 63.6% 100.0% 
% within Biological control agents (BCA) 11.8% 19.4% 15.7% 
% of Total 5.7% 10.0% 15.7% 
Total 
Count 34 36 70 
% within Follow the economic threshold 48.6% 51.4% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.6% 51.4% 100.0% 
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  Question C19: This question was for both USER and NON-USERS. 
 
 
  Question D24: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Use chemicals to control direct damage * Biological control 
agents (BCA) 
52 72.2% 20 27.8% 72 100.0% 
Use chemicals to control cosmetic damage * Biological control 
agents (BCA) 
48 66.7% 24 33.3% 72 100.0% 
Use chemicals to control both direct and cosmetic damage * 
Biological control agents (BCA) 
50 69.4% 22 30.6% 72 100.0% 
 
Use chemicals to control direct damage * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Use 
chemicals 
to control 
direct 
damage 
Disagree 
Count 1 0 1 
% within Use chemicals to control direct 
damage 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 4.0% 0.0% 1.9% 
% of Total 1.9% 0.0% 1.9% 
Undecide
d 
Count 1 2 3 
% within Use chemicals to control direct 
damage 
33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 4.0% 7.4% 5.8% 
% of Total 1.9% 3.8% 5.8% 
Agree 
Count 18 20 38 
% within Use chemicals to control direct 
damage 
47.4% 52.6% 100.0% 
% within Biological control agents (BCA) 72.0% 74.1% 73.1% 
% of Total 34.6% 38.5% 73.1% 
Strongly 
Agree 
Count 5 5 10 
% within Use chemicals to control direct 
damage 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 20.0% 18.5% 19.2% 
% of Total 9.6% 9.6% 19.2% 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Measure economic threshold * Biological control agents (BCA) 49 68.1% 23 31.9% 72 100.0% 
Measure economic threshold * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Measure 
economic 
threshold 
Monitoring 
Count 13 16 29 
% within Measure economic threshold 44.8% 55.2% 100.0% 
% within Biological control agents (BCA) 54.2% 64.0% 59.2% 
% of Total 26.5% 32.7% 59.2% 
Fruit 
doctors or 
consultants 
Count 4 3 7 
% within Measure economic threshold 57.1% 42.9% 100.0% 
% within Biological control agents (BCA) 16.7% 12.0% 14.3% 
% of Total 8.2% 6.1% 14.3% 
Others 
Count 7 6 13 
% within Measure economic threshold 53.8% 46.2% 100.0% 
% within Biological control agents (BCA) 29.2% 24.0% 26.5% 
% of Total 14.3% 12.2% 26.5% 
Total 
Count 24 25 49 
% within Measure economic threshold 49.0% 51.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 49.0% 51.0% 100.0% 
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Total 
Count 25 27 52 
% within Use chemicals to control direct 
damage 
48.1% 51.9% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.1% 51.9% 100.0% 
 
Use chemicals to control cosmetic damage * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Use 
chemicals 
to control 
cosmetic 
damage 
Strongly 
Disagree 
Count 4 0 4 
% within Use chemicals to control 
cosmetic damage 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 17.4% 0.0% 8.3% 
% of Total 8.3% 0.0% 8.3% 
Disagree 
Count 2 1 3 
% within Use chemicals to control 
cosmetic damage 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 8.7% 4.0% 6.3% 
% of Total 4.2% 2.1% 6.3% 
 
Undecided 
Count 1 3 4 
% within Use chemicals to control 
cosmetic damage 
25.0% 75.0% 100.0% 
% within Biological control agents (BCA) 4.3% 12.0% 8.3% 
% of Total 2.1% 6.3% 8.3% 
Agree 
Count 12 18 30 
% within Use chemicals to control 
cosmetic damage 
40.0% 60.0% 100.0% 
% within Biological control agents (BCA) 52.2% 72.0% 62.5% 
% of Total 25.0% 37.5% 62.5% 
Strongly 
Agree 
Count 4 3 7 
% within Use chemicals to control 
cosmetic damage 
57.1% 42.9% 100.0% 
% within Biological control agents (BCA) 17.4% 12.0% 14.6% 
% of Total 8.3% 6.3% 14.6% 
Total 
Count 23 25 48 
% within Use chemicals to control 
cosmetic damage 
47.9% 52.1% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 47.9% 52.1% 100.0% 
 
Use chemicals to control both direct and cosmetic damage * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
 
 
 
Use 
chemicals 
to control 
both direct 
and 
cosmetic 
damage 
 
 
 
 
 
 
 
 
 
 
Strongly 
Disagree 
Count 4 0 4 
% within Use chemicals to control both 
direct and cosmetic damage 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 16.7% 0.0% 8.0% 
% of Total 8.0% 0.0% 8.0% 
Disagree 
Count 2 1 3 
% within Use chemicals to control both 
direct and cosmetic damage 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 8.3% 3.8% 6.0% 
% of Total 4.0% 2.0% 6.0% 
Undecided 
Count 0 2 2 
% within Use chemicals to control both 
direct and cosmetic damage 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 7.7% 4.0% 
% of Total 0.0% 4.0% 4.0% 
Agree 
Count 13 21 34 
% within Use chemicals to control both 
direct and cosmetic damage 
38.2% 61.8% 100.0% 
% within Biological control agents (BCA) 54.2% 80.8% 68.0% 
% of Total 26.0% 42.0% 68.0% 
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Strongly 
Agree 
Count 5 2 7 
% within Use chemicals to control both 
direct and cosmetic damage 
71.4% 28.6% 100.0% 
% within Biological control agents (BCA) 20.8% 7.7% 14.0% 
% of Total 10.0% 4.0% 14.0% 
Total 
Count 24 26 50 
% within Use chemicals to control both 
direct and cosmetic damage 
48.0% 52.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.0% 52.0% 100.0% 
 
  Question D26: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Not use insecticides * Biological control agents (BCA) 58 80.6% 14 19.4% 72 100.0% 
make site-specific insecticide application * Biological control agents 
(BCA) 
62 86.1% 10 13.9% 72 100.0% 
Apply insecticides when risk is highest * Biological control agents 
(BCA) 
62 86.1% 10 13.9% 72 100.0% 
Apply insecticides when economic threshold met * Biological control 
agents (BCA) 
61 84.7% 11 15.3% 72 100.0% 
Rotate insecticides modes of action  * Biological control agents 
(BCA) 
58 80.6% 14 19.4% 72 100.0% 
Make variable-rate insecticide applications * Biological control agents 
(BCA) 
58 80.6% 14 19.4% 72 100.0% 
Apply insecticide regular or clender schedule * Biological control 
agents (BCA) 
57 79.2% 15 20.8% 72 100.0% 
 
Not use insecticides * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Not use 
insecticides 
Strongly 
Disagree 
Count 9 12 21 
% within Not use insecticides 42.9% 57.1% 100.0% 
% within Biological control agents (BCA) 30.0% 42.9% 36.2% 
% of Total 15.5% 20.7% 36.2% 
Disagree 
Count 15 8 23 
% within Not use insecticides 65.2% 34.8% 100.0% 
% within Biological control agents (BCA) 50.0% 28.6% 39.7% 
% of Total 25.9% 13.8% 39.7% 
Undecided 
Count 0 3 3 
% within Not use insecticides 0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 10.7% 5.2% 
% of Total 0.0% 5.2% 5.2% 
Agree 
Count 3 5 8 
% within Not use insecticides 37.5% 62.5% 100.0% 
% within Biological control agents (BCA) 10.0% 17.9% 13.8% 
% of Total 5.2% 8.6% 13.8% 
Strongly 
Agree 
Count 3 0 3 
% within Not use insecticides 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 10.0% 0.0% 5.2% 
% of Total 5.2% 0.0% 5.2% 
Total 
Count 30 28 58 
% within Not use insecticides 51.7% 48.3% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 51.7% 48.3% 100.0% 
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make site-specific insecticide application * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
make site-
specific 
insecticide 
application 
Strongly 
Disagree 
Count 1 1 2 
% within make site-specific insecticide 
application 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 3.3% 3.1% 3.2% 
% of Total 1.6% 1.6% 3.2% 
Disagree 
Count 0 2 2 
% within make site-specific insecticide 
application 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 6.3% 3.2% 
% of Total 0.0% 3.2% 3.2% 
 
Undecided 
Count 0 1 1 
% within make site-specific insecticide 
application 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.1% 1.6% 
% of Total 0.0% 1.6% 1.6% 
Agree 
Count 14 17 31 
% within make site-specific insecticide 
application 
45.2% 54.8% 100.0% 
% within Biological control agents (BCA) 46.7% 53.1% 50.0% 
% of Total 22.6% 27.4% 50.0% 
Strongly 
Agree 
Count 15 11 26 
% within make site-specific insecticide 
application 
57.7% 42.3% 100.0% 
% within Biological control agents (BCA) 50.0% 34.4% 41.9% 
% of Total 24.2% 17.7% 41.9% 
Total 
Count 30 32 62 
% within make site-specific insecticide 
application 
48.4% 51.6% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.4% 51.6% 100.0% 
 
Apply insecticides when risk is highest * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Apply 
insecticides 
when risk is 
highest 
Strongly 
Disagree 
Count 1 0 1 
% within Apply insecticides when risk is 
highest 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 3.3% 0.0% 1.6% 
% of Total 1.6% 0.0% 1.6% 
Disagree 
Count 1 1 2 
% within Apply insecticides when risk is 
highest 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 3.3% 3.1% 3.2% 
% of Total 1.6% 1.6% 3.2% 
Undecided 
Count 0 2 2 
% within Apply insecticides when risk is 
highest 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 6.3% 3.2% 
% of Total 0.0% 3.2% 3.2% 
Agree 
Count 12 17 29 
% within Apply insecticides when risk is 
highest 
41.4% 58.6% 100.0% 
% within Biological control agents (BCA) 40.0% 53.1% 46.8% 
% of Total 19.4% 27.4% 46.8% 
Strongly 
Agree 
Count 16 12 28 
% within Apply insecticides when risk is 
highest 
57.1% 42.9% 100.0% 
% within Biological control agents (BCA) 53.3% 37.5% 45.2% 
% of Total 25.8% 19.4% 45.2% 
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Total 
Count 30 32 62 
% within Apply insecticides when risk is 
highest 
48.4% 51.6% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.4% 51.6% 100.0% 
 
Apply insecticides when economic threshold met * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Apply 
insecticides 
when 
economic 
threshold 
met 
Strongly 
Disagree 
Count 1 1 2 
% within Apply insecticides when 
economic threshold met 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 3.3% 3.2% 3.3% 
% of Total 1.6% 1.6% 3.3% 
Disagree 
Count 4 6 10 
% within Apply insecticides when 
economic threshold met 
40.0% 60.0% 100.0% 
% within Biological control agents (BCA) 13.3% 19.4% 16.4% 
% of Total 6.6% 9.8% 16.4% 
Undecided 
Count 3 7 10 
% within Apply insecticides when 
economic threshold met 
30.0% 70.0% 100.0% 
% within Biological control agents (BCA) 10.0% 22.6% 16.4% 
% of Total 4.9% 11.5% 16.4% 
Agree 
Count 12 10 22 
% within Apply insecticides when 
economic threshold met 
54.5% 45.5% 100.0% 
% within Biological control agents (BCA) 40.0% 32.3% 36.1% 
% of Total 19.7% 16.4% 36.1% 
Strongly 
Agree 
Count 10 7 17 
% within Apply insecticides when 
economic threshold met 
58.8% 41.2% 100.0% 
% within Biological control agents (BCA) 33.3% 22.6% 27.9% 
% of Total 16.4% 11.5% 27.9% 
Total 
Count 30 31 61 
% within Apply insecticides when 
economic threshold met 
49.2% 50.8% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 49.2% 50.8% 100.0% 
 
Rotate insecticides modes of action  * Biological control agents (BCA) Crosstabulation 
 Biological control agents(BCA) Total 
BCA user BCA non-user 
Rotate 
insecticides 
modes of 
action 
Strongly 
Disagree 
Count 1 0 1 
% within Rotate insecticides modes of action 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 3.4% 0.0% 1.7% 
% of Total 1.7% 0.0% 1.7% 
Disagree 
Count 3 8 11 
% within Rotate insecticides modes of action 27.3% 72.7% 100.0% 
% within Biological control agents (BCA) 10.3% 27.6% 19.0% 
% of Total 5.2% 13.8% 19.0% 
 Undecided 
Count 3 5 8 
% within Rotate insecticides modes of action 37.5% 62.5% 100.0% 
% within Biological control agents (BCA) 10.3% 17.2% 13.8% 
% of Total 5.2% 8.6% 13.8% 
Agree 
Count 11 11 22 
% within Rotate insecticides modes of action 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 37.9% 37.9% 37.9% 
% of Total 19.0% 19.0% 37.9% 
 
Strongly 
Agree 
Count 11 5 16 
% within Rotate insecticides modes of action 68.8% 31.3% 100.0% 
% within Biological control agents (BCA) 37.9% 17.2% 27.6% 
% of Total 19.0% 8.6% 27.6% 
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Total 
Count 29 29 58 
% within Rotate insecticides modes of action 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.0% 50.0% 100.0% 
 
Make variable-rate insecticide applications * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Make 
variable-rate 
insecticide 
applications 
Strongly 
Disagree 
Count 2 4 6 
% within Make variable-rate insecticide 
applications 
33.3% 66.7% 100.0% 
% within Biological control agents 
(BCA) 
7.1% 13.3% 10.3% 
% of Total 3.4% 6.9% 10.3% 
Disagree 
Count 6 8 14 
% within Make variable-rate insecticide 
applications 
42.9% 57.1% 100.0% 
% within Biological control agents 
(BCA) 
21.4% 26.7% 24.1% 
% of Total 10.3% 13.8% 24.1% 
Undecided 
Count 3 5 8 
% within Make variable-rate insecticide 
applications 
37.5% 62.5% 100.0% 
% within Biological control agents 
(BCA) 
10.7% 16.7% 13.8% 
% of Total 5.2% 8.6% 13.8% 
Agree 
Count 9 11 20 
% within Make variable-rate insecticide 
applications 
45.0% 55.0% 100.0% 
% within Biological control agents (BCA) 32.1% 36.7% 34.5% 
% of Total 15.5% 19.0% 34.5% 
Strongly 
Agree 
Count 8 2 10 
% within Make variable-rate insecticide 
applications 
80.0% 20.0% 100.0% 
% within Biological control agents (BCA) 28.6% 6.7% 17.2% 
% of Total 13.8% 3.4% 17.2% 
 
Count 28 30 58 
% within Make variable-rate insecticide 
applications 
48.3% 51.7% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.3% 51.7% 100.0% 
 
Apply insecticide regular or clender schedule * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Apply 
insecticide 
regular or 
clender 
schedule 
Strongly 
Disagree 
Count 16 14 30 
% within Apply insecticide regular or 
clender schedule 
53.3% 46.7% 100.0% 
% within Biological control agents (BCA) 
59.3% 46.7% 52.6% 
% of Total 28.1% 24.6% 52.6% 
Disagree 
Count 9 10 19 
% within Apply insecticide regular or 
clender schedule 
47.4% 52.6% 100.0% 
% within Biological control agents (BCA) 33.3% 33.3% 33.3% 
% of Total 15.8% 17.5% 33.3% 
 
 
 
 
 
 
 
Undecided 
Count 0 1 1 
% within Apply insecticide regular or 
clender schedule 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.3% 1.8% 
% of Total 
0.0% 1.8% 1.8% 
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Agree 
Count 2 4 6 
% within Apply insecticide regular or 
clender schedule 
33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 7.4% 13.3% 10.5% 
% of Total 3.5% 7.0% 10.5% 
Strongly 
Agree 
Count 0 1 1 
% within Apply insecticide regular or 
clender schedule 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.3% 1.8% 
 % of Total 0.0% 1.8% 1.8% 
Total 
Count 27 30 57 
% within Apply insecticide regular or 
clender schedule 
47.4% 52.6% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 47.4% 52.6% 100.0% 
 
     Question E32: This question was for USERS only. 
 
     Biological control agents (BCA) = BCA user 
Statistics
a
 
 
Less than one 
week 
One-three 
weeks 
More than three 
weeks Four-five weeks More than five weeks 
N Valid 15 18 18 15 21 
Missing 16 13 13 16 10 
a. Biological control agents (BCA) = BCA user 
 
Four-five weeksa 
 Frequency Percent Valid Percent Cumulative Percent 
Valid No 13 41.9 86.7 86.7 
Yes 2 6.5 13.3 100.0 
Total 15 48.4 100.0  
Missing 99 16 51.6   
Total 31 100.0   
a. Biological control agents (BCA) = BCA user 
 
 
 
 
Frequency Table 
Less than one weeka 
 Frequency Percent Valid Percent Cumulative Percent 
Valid No 15 48.4 100.0 100.0 
Missing 99 16 51.6   
Total 31 100.0   
a. Biological control agents (BCA) = BCA user 
 
One-three weeksa 
 Frequency Percent Valid Percent Cumulative Percent 
Valid No 14 45.2 77.8 77.8 
Yes 4 12.9 22.2 100.0 
Total 18 58.1 100.0  
Missing 99 13 41.9   
Total 31 100.0   
a. Biological control agents (BCA) = BCA user 
 
More than three weeksa 
 Frequency Percent Valid Percent Cumulative Percent 
Valid No 12 38.7 66.7 66.7 
Yes 6 19.4 33.3 100.0 
Total 18 58.1 100.0  
Missing 99 13 41.9   
Total 31 100.0   
a. Biological control agents (BCA) = BCA user 
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More than five weeksa 
 Frequency Percent Valid Percent Cumulative Percent 
Valid No 8 25.8 38.1 38.1 
Yes 13 41.9 61.9 100.0 
Total 21 67.7 100.0  
Missing 99 10 32.3   
Total 31 100.0   
a. Biological control agents (BCA) = BCA user 
   
 
  Question F34: This question was for both USERS and NON-USERS. 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Received consultation from government * Biological 
control agents (BCA) 
60 83.3% 12 16.7% 72 100.0% 
Received consultation from chemical companies * 
Biological control agents (BCA) 
59 81.9% 13 18.1% 72 100.0% 
Received consultation from insectary companies * 
Biological control agents (BCA) 
59 81.9% 13 18.1% 72 100.0% 
Received consultation from other companies * 
Biological control agents (BCA) 
59 81.9% 13 18.1% 72 100.0% 
Government provides monitoring services * 
Biological control agents (BCA) 
58 80.6% 14 19.4% 72 100.0% 
Chemical companies provides monitoring services * 
Biological control agents (BCA) 
57 79.2% 15 20.8% 72 100.0% 
Insectary companies provides monitoring services * 
Biological control agents (BCA) 
57 79.2% 15 20.8% 72 100.0% 
Other organosations provide monitoring services * 
Biological control agents (BCA) 
57 79.2% 15 20.8% 72 100.0% 
Government, insectary companies and other 
organisation provides information * Biological 
control agents (BCA) 
57 79.2% 15 20.8% 72 100.0% 
Government subsidized citrus farm * Biological 
control agents (BCA) 
56 77.8% 16 22.2% 72 100.0% 
Don't get any help except information * Biological 
control agents (BCA) 
60 83.3% 12 16.7% 72 100.0% 
 
 
Received consultation from government * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Received 
consultation 
from 
government 
Strongly 
Disagree 
Count 11 14 25 
% within Received consultation from 
government 
44.0% 56.0% 100.0% 
% within Biological control agents (BCA) 35.5% 48.3% 41.7% 
% of Total 18.3% 23.3% 41.7% 
Disagree 
Count 15 11 26 
% within Received consultation from 
government 
57.7% 42.3% 100.0% 
% within Biological control agents (BCA) 48.4% 37.9% 43.3% 
% of Total 25.0% 18.3% 43.3% 
Undecided 
Count 3 0 3 
% within Received consultation from 
government 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 9.7% 0.0% 5.0% 
% of Total 5.0% 0.0% 5.0% 
Agree 
Count 2 4 6 
% within Received consultation from 
government 
33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 6.5% 13.8% 10.0% 
% of Total 3.3% 6.7% 10.0% 
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Total 
Count 31 29 60 
% within Received consultation from 
government 
51.7% 48.3% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 51.7% 48.3% 100.0% 
 
Received consultation from chemical companies * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Received 
consultation 
from 
chemical 
companies 
Strongly 
Disagree 
Count 3 3 6 
% within Received consultation from 
chemical companies 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 10.0% 10.3% 10.2% 
% of Total 5.1% 5.1% 10.2% 
Disagree 
Count 8 7 15 
% within Received consultation from 
chemical companies 
53.3% 46.7% 100.0% 
% within Biological control agents (BCA) 26.7% 24.1% 25.4% 
% of Total 13.6% 11.9% 25.4% 
Undecided 
Count 1 2 3 
% within Received consultation from 
chemical companies 
33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 3.3% 6.9% 5.1% 
% of Total 1.7% 3.4% 5.1% 
Agree 
Count 15 15 30 
% within Received consultation from 
chemical companies 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 50.0% 51.7% 50.8% 
% of Total 25.4% 25.4% 50.8% 
Strongly 
Agree 
Count 3 2 5 
% within Received consultation from 
chemical companies 
60.0% 40.0% 100.0% 
% within Biological control agents (BCA) 10.0% 6.9% 8.5% 
% of Total 5.1% 3.4% 8.5% 
Total 
Count 30 29 59 
% within Received consultation from 
chemical companies 
50.8% 49.2% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.8% 49.2% 100.0% 
 
Received consultation from insectary companies * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
 
 
 
 
 
 
Received 
consultation 
from 
insectary 
companies 
 
 
 
 
 
 
 
 
 
Strongly 
Disagree 
Count 0 4 4 
% within Received consultation from 
insectary companies 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 13.8% 6.8% 
% of Total 0.0% 6.8% 6.8% 
Disagree 
Count 5 11 16 
% within Received consultation from 
insectary companies 
31.3% 68.8% 100.0% 
% within Biological control agents (BCA) 16.7% 37.9% 27.1% 
% of Total 8.5% 18.6% 27.1% 
Undecided 
Count 1 2 3 
% within Received consultation from 
insectary companies 
33.3% 66.7% 100.0% 
% within Biological control agents (BCA) 3.3% 6.9% 5.1% 
% of Total 1.7% 3.4% 5.1% 
Agree 
Count 21 11 32 
% within Received consultation from 
insectary companies 
65.6% 34.4% 100.0% 
% within Biological control agents (BCA) 70.0% 37.9% 54.2% 
% of Total 35.6% 18.6% 54.2% 
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Strongly 
Agree 
Count 3 1 4 
% within Received consultation from 
insectary companies 
75.0% 25.0% 100.0% 
% within Biological control agents (BCA) 10.0% 3.4% 6.8% 
% of Total 5.1% 1.7% 6.8% 
Total 
Count 30 29 59 
% within Received consultation from 
insectary companies 
50.8% 49.2% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.8% 49.2% 100.0% 
 
Received consultation from other companies * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Received 
consultation 
from other 
companies 
Strongly 
Disagree 
Count 2 0 2 
% within Received consultation from other 
companies 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 6.9% 0.0% 3.4% 
% of Total 3.4% 0.0% 3.4% 
Disagree 
Count 8 4 12 
% within Received consultation from other 
companies 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 27.6% 13.3% 20.3% 
% of Total 13.6% 6.8% 20.3% 
Undecided 
Count 3 4 7 
% within Received consultation from other 
companies 
42.9% 57.1% 100.0% 
% within Biological control agents (BCA) 10.3% 13.3% 11.9% 
% of Total 5.1% 6.8% 11.9% 
Agree 
Count 13 20 33 
% within Received consultation from other 
companies 
39.4% 60.6% 100.0% 
% within Biological control agents (BCA) 44.8% 66.7% 55.9% 
% of Total 22.0% 33.9% 55.9% 
 
Strongly 
Agree 
Count 3 2 5 
% within Received consultation from other 
companies 
60.0% 40.0% 100.0% 
% within Biological control agents (BCA) 10.3% 6.7% 8.5% 
% of Total 5.1% 3.4% 8.5% 
Total 
Count 29 30 59 
% within Received consultation from other 
companies 
49.2% 50.8% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 49.2% 50.8% 100.0% 
 
Government provides monitoring services * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
 
 
 
Government 
provides 
monitoring 
services 
 
 
 
 
 
 
 
Strongly 
Disagree 
Count 13 10 23 
% within Government provides 
monitoring services 
56.5% 43.5% 100.0% 
% within Biological control agents (BCA) 43.3% 35.7% 39.7% 
% of Total 22.4% 17.2% 39.7% 
Disagree 
Count 14 13 27 
% within Government provides 
monitoring services 
51.9% 48.1% 100.0% 
% within Biological control agents (BCA) 46.7% 46.4% 46.6% 
% of Total 24.1% 22.4% 46.6% 
Undecided 
 
 
 
Count 2 1 3 
% within Government provides 
monitoring services 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 6.7% 3.6% 5.2% 
% of Total 3.4% 1.7% 5.2% 
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Agree 
Count 1 3 4 
% within Government provides 
monitoring services 
25.0% 75.0% 100.0% 
% within Biological control agents (BCA) 3.3% 10.7% 6.9% 
% of Total 1.7% 5.2% 6.9% 
 
 
Strongly 
Agree 
Count 0 1 1 
% within Government provides 
monitoring services 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.6% 1.7% 
% of Total 0.0% 1.7% 1.7% 
Count 30 28 58 
Total 
% within Government provides 
monitoring services 
51.7% 48.3% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 51.7% 48.3% 100.0% 
 
Chemical companies provides monitoring services * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Chemical 
companies 
provides 
monitoring 
services 
Strongly 
Disagree 
Count 10 8 18 
% within Chemical companies provides 
monitoring services 
55.6% 44.4% 100.0% 
% within Biological control agents (BCA) 32.3% 30.8% 31.6% 
% of Total 17.5% 14.0% 31.6% 
Disagree 
Count 15 12 27 
% within Chemical companies provides 
monitoring services 
55.6% 44.4% 100.0% 
% within Biological control agents (BCA) 48.4% 46.2% 47.4% 
% of Total 26.3% 21.1% 47.4% 
Undecided 
Count 3 4 7 
% within Chemical companies provides 
monitoring services 
42.9% 57.1% 100.0% 
% within Biological control agents (BCA) 9.7% 15.4% 12.3% 
% of Total 5.3% 7.0% 12.3% 
Agree 
Count 3 1 4 
% within Chemical companies provides 
monitoring services 
75.0% 25.0% 100.0% 
% within Biological control agents (BCA) 9.7% 3.8% 7.0% 
% of Total 5.3% 1.8% 7.0% 
Strongly 
Agree 
Count 0 1 1 
% within Chemical companies provides 
monitoring services 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.8% 1.8% 
% of Total 0.0% 1.8% 1.8% 
Total 
Count 31 26 57 
% within Chemical companies provides 
monitoring services 
54.4% 45.6% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 54.4% 45.6% 100.0% 
 
Insectary companies provides monitoring services * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Insectary 
companies 
provides 
monitoring 
services 
 
 
 
 
 
Strongly 
Disagree 
Count 8 8 16 
% within Insectary companies provides 
monitoring services 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 26.7% 29.6% 28.1% 
% of Total 14.0% 14.0% 28.1% 
Disagree 
Count 15 11 26 
% within Insectary companies provides 
monitoring services 
57.7% 42.3% 100.0% 
% within Biological control agents (BCA) 50.0% 40.7% 45.6% 
% of Total 26.3% 19.3% 45.6% 
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Undecided 
Count 3 5 8 
% within Insectary companies provides 
monitoring services 
37.5% 62.5% 100.0% 
% within Biological control agents (BCA) 10.0% 18.5% 14.0% 
% of Total 5.3% 8.8% 14.0% 
Agree 
Count 4 2 6 
% within Insectary companies provides 
monitoring services 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 13.3% 7.4% 10.5% 
% of Total 7.0% 3.5% 10.5% 
Strongly 
Agree 
Count 0 1 1 
% within Insectary companies provides 
monitoring services 
0.0% 100.0% 100.0% 
% within Biological control agents (BCA) 0.0% 3.7% 1.8% 
% of Total 0.0% 1.8% 1.8% 
Total 
Count 30 27 57 
% within Insectary companies provides 
monitoring services 
52.6% 47.4% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 52.6% 47.4% 100.0% 
 
Other organosations provide monitoring services * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Other 
organosations 
provide 
monitoring 
services 
Strongly 
Disagree 
Count 2 3 5 
% within Other organozations provide 
monitoring services 
40.0% 60.0% 100.0% 
% within Biological control agents (BCA) 6.9% 10.7% 8.8% 
% of Total 3.5% 5.3% 8.8% 
 Disagree 
Count 12 10 22 
% within Other organozations provide 
monitoring services 
54.5% 45.5% 100.0% 
% within Biological control agents (BCA) 41.4% 35.7% 38.6% 
% of Total 21.1% 17.5% 38.6% 
Undecided 
Count 2 5 7 
% within Other organozations provide 
monitoring services 
28.6% 71.4% 100.0% 
% within Biological control agents (BCA) 6.9% 17.9% 12.3% 
% of Total 3.5% 8.8% 12.3% 
 Agree 
Count 9 7 16 
% within Other organozations provide 
monitoring services 
56.3% 43.8% 100.0% 
% within Biological control agents (BCA) 31.0% 25.0% 28.1% 
% of Total 15.8% 12.3% 28.1% 
 Strongly  
Agree 
Count 4 3 7 
% within Other organozations provide 
monitoring services 
57.1% 42.9% 100.0% 
% within Biological control agents (BCA) 13.8% 10.7% 12.3% 
% of Total 7.0% 5.3% 12.3% 
Total 
Count 29 28 57 
% within Other organozations provide 
monitoring services 
50.9% 49.1% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 50.9% 49.1% 100.0% 
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Government, insectary companies and other organisation provides information * Biological control agents 
(BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
Government 
insectary 
companies 
and other 
organisation 
provides 
information 
Strongly 
Disagree 
Count 1 8 9 
% within Government, insectary 
companies and other organization provides 
information 
11.1% 88.9% 100.0% 
% within Biological control agents (BCA) 3.6% 27.6% 15.8% 
% of Total 1.8% 14.0% 15.8% 
Disagree 
Count 12 6 18 
% within Government, insectary 
companies and other organization provides 
information 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 42.9% 20.7% 31.6% 
% of Total 21.1% 10.5% 31.6% 
Undecided 
Count 4 5 9 
% within Government, insectary 
companies and other organization provides 
information 
44.4% 55.6% 100.0% 
% within Biological control agents (BCA) 14.3% 17.2% 15.8% 
% of Total 7.0% 8.8% 15.8% 
Agree 
Count 9 10 19 
% within Government, insectary 
companies and other organization provides 
information 
47.4% 52.6% 100.0% 
% within Biological control agents (BCA) 32.1% 34.5% 33.3% 
% of Total 15.8% 17.5% 33.3% 
 
Strongly 
Agree 
Count 2 0 2 
% within Government, insectary 
companies and other organization provides 
information 
100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 7.1% 0.0% 3.5% 
% of Total 3.5% 0.0% 3.5% 
Total 
Count 28 29 57 
% within Government, insectary 
companies and other organization provides 
information 
49.1% 50.9% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 49.1% 50.9% 100.0% 
 
Government subsidized citrus farm * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
Government 
subsidised 
citrus farm 
Strongly 
Disagree 
Count 18 18 36 
% within Government subsidized citrus farm 50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 60.0% 69.2% 64.3% 
% of Total 32.1% 32.1% 64.3% 
Disagree 
Count 10 8 18 
% within Government subsidized citrus farm 55.6% 44.4% 100.0% 
% within Biological control agents (BCA) 33.3% 30.8% 32.1% 
% of Total 17.9% 14.3% 32.1% 
Agree 
Count 2 0 2 
% within Government subsidized citrus farm 100.0% 0.0% 100.0% 
% within Biological control agents (BCA) 6.7% 0.0% 3.6% 
% of Total 3.6% 0.0% 3.6% 
Total 
Count 30 26 56 
% within Government subsidized citrus farm 53.6% 46.4% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 53.6% 46.4% 100.0% 
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Don't get any help except information * Biological control agents (BCA) Crosstabulation 
 Biological control agents (BCA) Total 
BCA user BCA non-user 
 
 
 
 
 
 
 
 
 
 
Don't get 
any help 
except 
information 
Strongly 
Disagree 
Count 4 2 6 
% within Don't get any help except 
information 
66.7% 33.3% 100.0% 
% within Biological control agents (BCA) 13.8% 6.5% 10.0% 
% of Total 6.7% 3.3% 10.0% 
Disagree 
Count 4 4 8 
% within Don't get any help except 
information 
50.0% 50.0% 100.0% 
% within Biological control agents (BCA) 13.8% 12.9% 13.3% 
% of Total 6.7% 6.7% 13.3% 
Undecided 
Count 2 6 8 
% within Don't get any help except 
information 
25.0% 75.0% 100.0% 
% within Biological control agents (BCA) 6.9% 19.4% 13.3% 
% of Total 3.3% 10.0% 13.3% 
Agree 
Count 14 11 25 
% within Don't get any help except 
information 
56.0% 44.0% 100.0% 
% within Biological control agents (BCA) 48.3% 35.5% 41.7% 
% of Total 23.3% 18.3% 41.7% 
  
Strongly 
Agree 
Count 5 8 13 
% within Don't get any help except 
information 
38.5% 61.5% 100.0% 
% within Biological control agents (BCA) 17.2% 25.8% 21.7% 
% of Total 8.3% 13.3% 21.7% 
Total 
Count 29 31 60 
% within Don't get any help except 
information 
48.3% 51.7% 100.0% 
% within Biological control agents (BCA) 100.0% 100.0% 100.0% 
% of Total 48.3% 51.7% 100.0% 
  
